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Description 

BACKGROUND OF THE iNVENTION 
5 Field of the Invention 

The present invention relates to an electron-emitting device according to the preamble clause of daim 1 . 
a method of preparing It, as well as the use of it. Such device is l<nown from SU-855782. 

10 Related Background Art 



15 



20 



25 



Hitherto Icnown as a device achievable of emission of electrons with use of a simple structure is the cold 
cathode device published by M.i. Elinson et al (Radio Eng. Electron. Phys., Vol. 10, pp.1290-1296, 1965. 

This utilizes the phenomenon in which electron emission is caused by flowing an electric current to a thin 
film formed with a small area on a substrate and in parallel to the surface of the film, and is generally called 
a surface conduction electron-emitting device. 

This surface conduction electron-emitting device that has been reported includes those employing a 
Sn02(Sb) thin film developed by Elinson et al. named in the above, those employing an Au thin film (G Dittmer 
Thin Solid Films", Vol. 9. p.317. 1972; A. Klopfer and G. Dittmer, US-A-37351 86), those employing an ITO 
thin film. (M. Hartwell and C.G. Fonstad, "IEEE Trans. ED Conf.", p.519, 1975). and those employing a carbon 
thin film [Hisashi Araki. et al. "SHINKU" (Vacuum). Vol. 26, No. 1, p.22. 1983]. 

Typical device constitution of these surface conduction electron-emitting devices is shown in Fig. 38. In 
Fig. 38. the numerals 19 and 20 denote electrodes for attaining electrical connection; 21. a thin film fomied 
using an electron-emitting material; 23, a substrate; and 22. an electron-emitting region. 

In these surface conduction electron-emitting devices, it has been hitherto practiced to previously form 
the electron-emitting region by an energizing heat treatment, called •forming", before effecting the electron 
emission. More specifically, a voltage is applied between the above electrode 19 and electrode 20 to energize 
the thin film 21 to bring the thin film 21 to be locally destroyed, defomrred or denatured owing to the Joule heat 
thereby generated, thus forming the electron-emitting region 22 kept in a state of electrically high resistance 
30 to obtain an electron-emitting function. 

What is meant by the above state of electrically high resistance is a discontinuous state of a film partly 
having cracks of 0.5 jim to 5 ^m on the thin film 21 and having the so-called island structure inside the cracks. 
What is meant by the island structure is the structure of a film in which fine partides generally having a di- 
ameter of several nanometers (several ten angstroms) to several fim (micrometers) are present on the sub- 
35 strate, and the respective fine partides are spatially discontinuous and electrically continuous. 

Hithertofore, in the surface conduction electron-emitting devices, a voltage is applied to the above high- 
resistance discontinuous film by the electrodes 1 9 and 20 to flow an electric current to the surface of the device, 
so that the electrons are emitted from the above fine partides. 

However, the forming according to the conventional energizing heat treatment as mentioned above have 
40 involved the problems as follows: 

(1) In carrying out the energizing heating, it sometimes occurs that the thin film is peeled because of the 
difference in coeffident of thennal expanston between the substrate and the thin film. This provides lim- 
itations in upper limit of heating temperature, materials for the substrate, and combination by selection of 
materials for the thin film. 

(2) In carrying out the energizing heating, the substrate also is locally heated, therefore sometimes result- 
ing in occurrence of fata! cracking therein. 

(3) Degree of the changes of a film owing to the energizing heating, as exemplified by the degree of local 
destruction, deformation or denaturing, tends to become in-egular among a plurality of devices formed in 
the same substrate, and also the site at which changes may occur tends to be not f bced. 

For this reason, when functioned as an electron-emitting device, irregularity in the shape of beams 
of emitted electrons has been seen for each device. 

(4) A relatively large electric power is required until the forming is completed. For this reason, an electric 
source of large capacity is required when a number of devices are formed on the same substrate and the 
forming is carried out sinrmltaneously. 

(5) A relatively long period of time is required for conventbnal forming processes that start with the ener- 
gizing heating and end with cooling. For this reason, a greatly long time is required for carrying out the 
forming of a number of devices. 

Because of the problems as set out above, the surface conduction electron-emitting devices have not been 
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positively applied in industrial fields, notwithstanding their advantages that the device has simple construction. 
SUMMARY OF THE INVENTION 

The present invention was made to eliminate the disadvantages in the prior art as discussed above and 
an object thereof is to provide an electron-emitting device that can have, without applying the treatment tilled 
forming, a quality more than equal to that of electron-emitting devices obtained by the forming, and has a novel 
structure suffering less irregularity of characteristics. 

In particular, the electron-emitting device should also be capable of controlling the above characteristics 
and further be capable of better controlling the position of the electron-emitting region, and a method for pre- 
paring such a device. 

Additionally, the present invention is to provide an electric current emitting device that not only can solve 
the problems previously mentioned, but also can make lower the voltage to be applied to electrodes and ach- 
ieve improvement in the density of an emitted electric current 

According to the invention, these objects are achieved for a device of the above mentioned type with the 
features of the characterizing clause of claim 1 . 

Furthermore, it is an object of the invention to provide a method for preparing the device by controlling the 
above-mentioned shape and width of cracks without use of the forming means, and with ease. In particular 
the method should also permit to make the structure In size corresponding to the island structure in the above- 
mentioned cracks uniform. 

According to the inventfon, these objects are alternatively achieved by a method the steps thereof beinq 
defined in the claims 26, 28, or 29. 

According to another aspect of the invention such an electrone-emitting device can be used in a display 
device as defined in claim 31 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 to Fig. 7 are cross sections illustrating vertical type electron-emitting devices of the present inven- 
tion; 

Fig. 8 is a perspective view illustrating an electron-emitting device of the present invention having an in- 
sulating layer comprising fine particles an^nged in a dispersed state; 
Fig. 9 and Fig. 10 are cross sections along the line A to B in Fig. 8; 

Fig. 11 and Fig. 14 are views explanatory of the preparation processes of electron-emitting devices of the 
present invention; 

Fig. 12. Fig. 13. Fig. 15 and Fig. 16 diagrammatically illustrate electron-emitting devices according to other 
embodiments of specific structures of the present invention; 

Fig. 17 to Fig. 27 diagrammatically illustrate electron-emitting devices of the present invention having a 
semiconductor layer comprising fine particles arranged in a dispersed state; 

Fig. 28 to Fig. 36 diagranrvnatically illustrate electron-emitting devices according to other embodiments 
of specific structures of the present invention; 

Fig. 37 diagrammatically illustrates an electron-emitting device comprising two kinds of fine particles ar- 
ranged In a dispersed state; and 

Fig. 38 is a view illustrating a conventional electron-emitting device 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

More specifically, the present invention is an electron-emitting device comprising a laminate comprising 
an insulating layer disposed between a pair of opposing electrodes, wherein an electron-emitting region insu- 
lated from the electrodes is provkJed at a side end surface of the insulating layer formed at the part at which 
the electrodes oppose each other, and electrons are emitted from the electron-emitting region by applyinq 
voltage between the electrodes. 

Fig. 1 diagrammatically illustrates a first embodiment of the electron-emitting device of the present inven- 
tion. In the figure, the nunrwrals 1 and 2 denote electrodes for obtaining electrical connection; 3. an electron- 
emitting region; 4, a substrate; and 5, an insulating layer. 

In Fig. 1. the electron-emitting device of the present inventron comprises a laminate comprising the insu- 
lating layer 5 disposed between a pair of the electrodes 1 and 2 opposing each other at their end portions, 
wherein the electron-emitting region 3 insulated from the electrodes is provided at a side end surface of the 
insulating layer 5 formed at the opposing part at which the electrodes 1 and 2 oppose each other, and electrons 
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are emitted from the electron-emitting region 3 by applying voltage between the electrodes 1 and 2. 

In the above electron-emitting device, the one corresponding to the narrow crack in the prior art can de- 
pend on the film thickness of the insulating layer 5. More specifically, as illustrated in Fig. 1 . taking the structure 
that a pair of the electrodes are formed above and beneath the insulating layer with respect to the direction 
5 Of the lamination in which the insulating layer having the electron-emitting region is laminated to the substrate 
(hereinafter referred to as "vertical type structure") can make small the thickness of the insulating layer on 
which the spacing between electrodes depend. 

The electron-emitting device having the vertical type structure has a quality more than equal to that of 
conventional ones without taking the forming means, and can give a more improved electron-emitting device 
10 that can make unifonn the shape and wklth of the electron-emitting region. 

In Fig. 1. the insulating layer 5 may have a thickness of from several tenths of nm (several angstroms) to 
several nm. for example, from 1 nm (10 angstroms) to 10 ^im. preferably from 1 nm (loA) to 1 ^m. 

The insulating layer 5 is comprised of SiOj. MgO. TiOj. TazOg. AI2O3 or the like, a laminated material of 
any of these, or a mixture of any of these, which is fbmied by vacuum deposition or coating. Alternatively, when 
the electrode 1 is comprised of a metal such as Al and Ta. the insulating layer 5 may comprise an anodic ox- 
idatk)n film anodized by electrolysis. 

The substrate 4 is formed with glass, ceramics or the like, and the electrodes 1 and 2 are formed with Au. 
Ag. Cu. Mo. Cr, Ni, Al, Ta. Pd. W or the like, or an alloy of any of these, or carbon, etc. 

The electrodes 1 and 2 may have a thickness of from several ten nm (several hundred angstroms) to sev- 
eral nm. preferably from 0.01 to 2 nm in the case of the vertical type. Fonmation methods include vacuum de- 
position, photolithography, and printing. 

An outline of the method of preparing the electron-emitting device according to the present invention can 
be specifically described based on Fig. 1 as follows: 

The electrode 1 is vapor deposited on the substrate 4, and then subjected to patterning to give a desired 
shape as exemplified by a stripe. Thereafter, the insulating layer 5 is formed by means of vacuum deposition, 
coating or the like. Thickness of the insulating layer depends on the dielectric strength depending on materials 
for the insulating layer, and the threshold voltage at which emission of electrons begins by the voltage applied 
between the electrodes 1 and 2. Usually, to set the threshold voltage to from 10 to 20 V. this film thickness 
must be 1 Jim or less. After formation of the insulating layers, the electrode 2 is formed by conventional vacuum 
deposition, printing, coating or the like process, and then the electrode 2 and the insulating layer 5 are so sub- 
jected to patterning along the pattern of the electrode 1 that they may partly overlap with the electrode 1 in 
the same pattern. (See Fig. 1.) In that occasion, the electron-emitting region 3 may be obtained by disposing 
an electron-emitting layer 3a between the insulating layers 5a and 5b according to the manner as described 
later, or may be obtained by disposing electron-emitting bodies 3b at the side face of the insulating layer 5. 

Good results can also be exhibited not only by taking the structure in which the electrodes 1 and 2 overlap 
as shown in Fig. 1 , but also by an electron-emitting device comprising the electron-emitting region 3 disposed 
at a side end surface defined between a pair of electrodes 1 and 2 that oppose at their end portions but have 
no overlap as shown in Fig. 2 

The electron-emitting regton 3 is formed by disposing an electron-emitting layer 3a in the insulating layer 
40 5 comprised of a material readily capable of field emission of electrons, a material readily capable of secondary 
electron emission, or a material readily capable of emitting electrons by electron bombardment and having 
strong thermal resistance and corrosion resistance, as exemplified by metals such as W, Ti, Au, Ag. Cu. Cr. 
Al and Pt, oxides such as SnOj. InjOj. BaO and MgO. or carbon or a mixture of any of the above, each having 
a low work function and high thermal resistance, utilizing vacuum deposition, coating, sputtering deposition, 
45 dipping, or the like process. 

Alternatively, it may comprise a thin coating comprising superfine partfcle powder of metals as exemplified 
by Au. Ag. Cu. Cr and Al. or can be also fomied by arranging electron-emitting bodies 3b at the side face of 
the insulating layer 5 comprising a thin coating of the material as described for the above electron-emitting 
layer 3a. (Utilizable coating methods include spreading, all sorts of vacuum deposition, and dipping.) 

Electrode spacing 6 in Fig. 1 and Fig. 2 somewhat differs, but in approximation may desirably be formed 
in from several nm (several ten angstroms) to several jim. preferably from several nm (several ten angstroms) 
to 2 nm, and more preferably from 1 nm (10 angstroms) to 1 nm. 

An outline of a method for preparing the electron-emitting device illustrated in Fig. 2 will be described be- 
low. 

An insulating layer 5 is formed on a substrate 4. and a stepped portion is formed by patterning. Thereafter 
the electrodes 1 and 2 are simultaneously formed into films so that the stepped portion may not be covered 
by the electrodes, thus forming the electrode spacing 6. Accordingly, the electrode spacing 6 depends on thick- 
ness of the electrode fomrod at the stepped portion set with the film thickness of the insulating layer 5. The 
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film formation of this electrode is carried out usually by using vacuum film formation or a similar process, so 
that it is possible to control the film thickness in high precision. Thus, for the electrode spacing 6, small spacing 
of several nm (several ten angstroms) can be readily obtained in high precision. 

The stepped portion at which the electrode spacing 6 is fonmed can also be obtained by pattern etching 
of the substrate 4 itself, without using the insulating layer 5. There is also available a method in which the elec- 
trodes 1 and 2 are formed on this stepped portion to obtain an electron-emitting device. (See Fig. 7.) 

Taking the structure that a pair of the electrode opposing each other have no mutual overlap as illustrated 
in Fig. 2 can bring about a more superior electron-emitting devtee suffering less increase in driving power con- 
sumption that may be otherwise caused by increase in the electrical capacity at the part at which the electrodes 
overlap, less delay of driving electric signals, and less influence by dielectric strength or pinholes of the insu- 
lating layer. 

On the other hand, the electron-emitting device having the structure as shown in Fig. 7 makes it unnec- 
essary for the electrodes to be held by the insulating layer, and makes it possible also to obtain the spacing 
of the opposing electrodes by utilizing the stepped portion, so that if, for example, the electrodes-supporting 
substrate itself is etched to provide the stepped portion, there is given an electron-emitting device that can 
be obtained without fbmiation of any insulating layer, making simple its preparation processes. 

The electron-emitting device of the present invention may further have the structure as shown in Fig. 4. 

In Fig. 4, the numerals 1 to 5 denotes the same as those in Fig. 3. In the present figure, the numeral 8 
denotes an intermediate layer, which is disposed between the insulating layer 5 and the electrode 2 to consti- 
tute a multi-layer electrode. The intermediate layer 8 plays a role to bring about the effect of preventing sput- 
tering damage caused by electrons or ions in the electrode 2, or the effect of bringing electrons to more readily 
emit. As the intermediate layer 8, high-melting materials as exemplified by W, LaBe, cart>on, TiC and TaC may 
be used to make small the sputtering damage, and materials having a low work function as exemplified by 
Sn02. InaOa, LaBe, BaO, CS and CSO may be used to achieve improvement in electron emission efficiency. 

There may be also used a laminate, or a mbcture, comprising these both materials. Of course, similar effect 
can be obtained also when the intermediate layer 8 is provkled on the electrode 1 to give a multi-layer electrode. 
Further, when both the electrodes are made to comprise the multi-layer electrode, suitable materials for the 
intermediate layer 8 can be selected for each electrode. Also, a laminate comprising an insulating layer 5a, an 
electron-emitting layer 3a and an insulating layer 5b may be made to comprise a multi-layer laminate consti- 
tuted of, for example, an insulating layer 5a, an electron-emitting layer 3a, an insulating layer 5b, an electron- 
emitting layer 3a, an insulating layer 5a, and an electron-emitting layer 3a. At least one layer of the multi-layer 
electrodes, as exemplified by the electrode 2 in Fig. 4, may further preferably be comprised of a material having 
a high electrical conductivity. This is because the materials for the intermediate layer 8 are materials having 
relatively low electrical conductivity as for electrode wiring materials. 

An excessively high wiring resistance of a device may cause an increase in the power consumption or a 
delay in the driving signals, resulting in undesirableness in driving the device. For this reason, the materials 
having high electrical conductivity is used in the electrode 2 to keep to a low level the wiring resistance of the 
whole multilayer electrode. Usable as the materials having high electrical conductivity are Ag. Al Cu Or Ni 
Mo, Ta,W,etc. . » . » 

In Fig. 4, when the electron-emitting layer 3a comprises the material suffering less sputtering damage or 
having a low work function, the intermediate layer 8. or the electrode 1 and the intermediate layer 8, may be 
formed with use of the same materials as in the electron-emitting layer 3a. 

The present invention further provides an electron-emitting device having a device structure wherein an 
insulating layer is formed between electrodes opposing each other, and fine partides are contained in said 
insulating layer and at the same time arranged in a dispersed state. 

Taking the above described device structure of the present invention not only can solve the problems in 
the prior art previously discussed, but also can provide an electron-emitting devrce capable of obtaining an 
emitted electric current of high density by using a low electric power and also capable of controlling the island 
spacing, island size of the islands previously mentioned. This electron-emitting device will be described below 
with reference to the drawings. 

In Fig. 8, provided on a substrate 4 such as glass and ceramics is an insulating layer 1 1 , and further thereon 
electrodes 1 and 2 comprised of low-resistance materials for use in voltage applicatwn are provided giving min- 
ute spacing to form a discontinuous electron-emitting region 10 comprising fine partides 9 dispersed between 
them. Though not shown in the drawing, a space is taken at an upper area of the electron-emitting region to 
provide there a lead-out electrode for leading out emitted electrons. Applicaton of voltage between the elec- 
trodes 1 and 2 in vacuo (this voltage is assumed as Vf) brings about flow of electricity between the electrodes 
(If) to apply voltage using the lead-out electrode as the anode, so that electrons are emitted from the electron- 
emitting region in the directfon substantially vertical to the paper surface in the drawing. (The electric current 
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for this electron emission is assumed as \^.) 

Fig. 9 and Fig. 10 diagrammatically illustrate cross sections In the A-B direction in Fig. 8. In the present 
figures, the fine partides on the substrate 4 may preferably have a particle diameter of from several nm (several 
ten angstroms) to several ^m. and the spacing between respective fine particles may further preferably be 
formed in the range of from several nm (several ten angstroms) to several ^m. 

Materials for the fine particles used In the present invention may cover a very wide range, and almost all 
of conducth/e materials including usual metals, semimetalsand semiconductors. Particularly suitable are usual 
cathode materials having properties such as low work function, a high melting point and low vapor pressure, 
thin film materials capable of forming the surface conduction electron-emitting device by the conventional 
forming treatment, and materials having a large coefficient of secondary electron emission. 

Appropriate materials may be selected from such materials according to purposes and used as the fine 
particles, so that a desired electron-emitting device can be formed. 

Specifically, they may include, for example, borides such as LaBe, CeBc, YB4, and GdB4, carbides such 
as TIC. ZrC, HfC, TaC, SiC and WC, nitrides such as TIN, ZrN and HfN, metals such as Nb, Mo, Rh, Hf. Ta, W, 
Re, Ir, Pt, Ti. Au. Ag, Cu, Cr, Al, Co. Ni, Fe, Pb, Pd, Cs and Ba, metal oxides such as InsOa, SnOa and'sbjOa! 
semiconductors such as SI and Ge. carbon, and AgMg. The present invention Is by no means limited by the 
above materials. Moreover, in the present invention, it may also be practiced to select different materials among 
the above materials and disperse fine particles of two or more kinds of different materials. 

A method for preparing the device illustrated in Fig. 8 will be described below. 

Fig. 11 (1) to (5) illustrate cross sections of a device for each preparatran step. 

(1) The surface of a substrate 4 comprised of glass or ceramics is degreased and cleaned. 

(2) An Insulating layer 11 comprised of low-melting point glass is fonmed into a film on the surface of the 
substrate 4 according to liquid-coating baking, printing baking, vacuum deposition, or the like process. De- 
sirable as materials for the low melting point glass are those having a softening point temperature lower 
than the distortion point temperature of the substrate and at the same time having a coefficient of thermal 
expansion close to that of the substrate. In general, a lead oxide type low nrwltlng glass has a softening 
point of about 400**C and also has a coefficient of thennal expansion dose to the coefficient of thermal 
expanston of a soda lime glass substrate generally used. The insulating layer 11 may desirably be formed 
to have a thickness in the range of from several nm (several ten angstroms) to several ten nm in approx- 
imation. 

(3) On the Insulating layer obtained in (2), electrodes 1 and 2 are formed according to vacuum deposition, 
photollthoetching, lif ting-off, printing, or the like process. 

Usable as electrode materials are the same materials as those described in relation to Fig. 1, i.e. Au, 
Ag. Cu, Mo. Cr, Ni, AI, Ta, Pd and W, or an alloy of any of these or carbon, etc.. and the electrodes 1 and 
2 may also suitably have a thickness of from several ten nm (several hundred angstroms) to several ^im, 
preferably from 0.01 to 2 \ixn. 

As to the dimension of electrode spadng L, the electrodes may suitably oppose each other with a 
space of from several several ten nm (hundred angstroms) to several ten ^m. and spadng wkJth W may 
suitably be approximately from several ^im to several mm. However, they are by no means limited to these 
dimensions. 

(4) Next, the fine particles 9 are coated on the electrode gap region obtained in (3). A dispersion of fine 
partides are used in the coating. Fine partides and an additive to promote dispersion of the fine partides 
are added in an organic solvent comprised of butyl acetate, alcohol or the like, followed by stirring or the 
like to prepare the dispersion of fine partides. This fine partide dispersion is coated on the surface of a 
spedmen according to dipping, spin coating or the like process, and then caldnation is carried out for about 
10 minutes at a temperature at which the solvent or the like may be evaporated, for example, at 250''C. 
Thus the fine partides are arranged on the surface of the insulating layer 11 in the electrode spacing L 
Of course, the fine partides 9 are arranged on the whole surface of the spedmen. but no difficulty is 
brought about as there is applied substantially no voltage to the fine partides 9 outside the electrode spac- 
ing L when electrons are emitted. This is accordingly not shown in the drawing. Arrangement density of 
the fine partides 9 may vary depending on the coating conditfons and how to prepare the fine partide 
dispersion, and the amount of electric currents flowing to the electrode spadng L may also vary in accor- 
dance with this. In addition to the above fonrnation by coating, also available as a nnethod for dispersing 
the fine partides 9 to the electrode gap region obtained in (3) is, for example, a method in which a solution 
of an organic compound 6 coated on the substrate followed by thennal decomposttton to form metal par- 
tides. In regard to materials feasible for vacuum deposition, the fine partides can be also formed by control 
of vacuum deposition conditions such as substrate temperature or by a means like vacuum deposition such 
as masked vacuum deposition. 
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(5) After this, the specimen obtained through the steps up to (4) is heated to a temperature higher than 
the softening point of the low-melting glass constituting the insulating layer 11, for example, to 450*»C if it 
is the lead oxide type low-melting glass, to carry out baking for about 20 minutes. By this procedure, the 
fine particles 9 arranged on the insulating layer 11 comprised of the low meting glass penetrate into the 
low-melting glass, resulting in being included (or enclosed) into the insulating layer 11. or included to the 
extent that at least part of a particle is exposed from the insulating layer 11. and then fixed there. 
Whether the fine particles 9 are brought into the state that ail of them are included into the insulating layer 
11 or the state that only part of a partide penetrates into the insulating layer 11 in the state that the surface 
remains exposed, may be adjusted by selecting the baking temperature in the step (5). 

The higher the baking temperature is. the more readily the fine particles 9 are penetrated deeply into the 
insulating layer 11 . and are included and fbced. A lower baking temperature may make it difficult for the fine 
particles 9 to penetrate into the insulating layer 11, and tend to make them fixed in the exposed form. 

Some of the materials such as Pd listed in the above embodiment may be covered on their surfaces with 
oxide films as a result of heating in the above step (5). resulting in decrease in the amount of the electric current 
flowing to the electrode spacing L Therefore, a step of pickling to remove the oxide film may be introduced if 
necessary. 

In the present inventton. the device may also be formed by bringing the fine partides 9 to be completely 
induded into the insulating layer 11 and thereafter carrying out etching to bring part of each partide to be ex- 
posed. 

Not only the device prepared according to the above preparation steps, having the structure as illustrated 
in Fig. 11. but also the devices having the structure illustrated in Fig. 12 and Fig. 13(a) and (b) can also exhibit 
good results. 

Preparation processes in Fig. 12 will be described. 

Electrodes 1 and 2 are formed on a substrate 4, on which a fine partide dispersion or a dispersion prepared 
by mixing low-melting frit glass into an organic metal compound solution is coated in the vidnity of the electrode 
spadng region L. followed by baking at a temperature higher than the softening point of the low-melting frit 
glass crystalline melting point to bring the fine partides to be induded into an insulating layer 11 comprised 
of the low-melting glass, or bring at least part thereof to be exposed, and then fixed. Here, the baking temper- 
ature set to a higher degree (as exemplified by 650X enables the smoothing of the insulating layer 11 to make 
30 a continuous film. 

In the figure, the insulating layer 11 may preferably be formed to have a film thickness of from several nm 
(several ten angstroms) to several ^im in approximation. 

Here, a liquid coating insulating layer (as exemplified by Tokyo Ohka OCD. a SiOz insulating layer) may 
be used in place of the low-melting frit glass. 

In the instance where the liquid coating insulating layer is used, it is also possible to obtain the electron- 
emitting device of the present invention in the following manner First.the insulating layer 11 containing the 
fine partides 9 is built up on the substrate 4 according to liquid coating. Namely, it can be obtained by coating 
the fine particles mixed and dispersed in a liquid coating preparation, on a substrate by spin coating, dip coatind 
or the like. 

Next, electrodes are formed on the insulating layer 11 according to the above processes such as vacuum 
deposition to make up an electron emission device. 

Taking said process, the fine partides are coated on the substrate in the state that they are mixed and 
dispersed in the liquid coating preparation or the like for obtaining the insulating layer, and therefore, even after 
the coating and baking, they remain dispersed in a good state in the film formed by coating the liquid coating 
preparation for obtaining the insulating layer. Accordingly, the fine partides suffer less agglomeration, and can 
be unifonmly dispersed in the insulating layer obtained by the liqukJ coating preparation. 

Also, since in the present structure the insulating layer containing fine partides first formed on the sub- 
strate, the substrate surface before fonmation of the insulating layer is usually a unifomi surface without any 
particular pattern or roughness. Accordingly, since the insulating layer containing the fine partides in its uni- 
form surface is formed by coating and baking, there is no non-uniformity in the film thickness or fine partide 
dispersion owing to coating uneveness at the part of the pattern or roughness, so that a support layer in which 
the fine partides are dispersed can be uniformly formed on the substrate surface. Obtaining the insulating 
layer that is unifonm like this can make small the irregularity or the like in device characteristics when a number 
of electron-emitting devices are provided on the same substrate. 

Moreover, although in the present structure an in-air heating step at about 400**C or more becomes nec- 
essary, for example, when the oxide type insulating layer fe formed using the liquid coating preparation, the 
electrodes themselves do not pass through the heating step because the insulating layer formation heating is 
earned out before formation of the electrodes. Therefore, no account is required to be taken for the thermal 
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oxidation of electrodes or thermal diffusion with respect to the insulating layer, thus enabling expansion of the 
range of selection for electrode materials. 

Accordingly, the materials n^y be appropriately selected depending on the conditions such as dielectric 
strength, thermal resistance, workability, oxidation resistance, life, specific resistance, and amount of electric 
current that can be taken out The nnaterials for the insulating layer may include, as previously described, SiOz. 
MgO, T1O2. TajOs and AI2O3, or a laminate or mixture of any of these. The film thickness may be from'about 
1 nm (10 angstroms) to several m or so. which is the thickness necessary for the fine particles 9 to be dis- 
persed and f bced. 

The electron-emitting device may also have the structure as illustrated in Fig. 13. 

In the electron-emitting device illustrated in Fig. 13. a fine particle dispersion prepared by mixing the low- 
melting frit glass for the insulating layer 11 is coated (here, carried out in the same manner as described in 
relation to Fig. 12). and thereafter the insulating layer 11 is formed into a discontinuous island-shaped film by 
setting the baking temperature to somewhat lower degree (for example, about 500"»C). 

In the electron-emitting device illustrated in Fig. 1 3, the insulating layer 1 1 does not entirely cover the elec- 
trode spacing Las so illustrated in the figure, so that it takes the form thatthe electrode ends of the electrodes 
1 and 2. on the side of the electrode spacing i.e.. the part at which a highest electric field is generated is 
connected with the surface and inside of the insulating layer 11. For this reason, the degree of freedom of the 
electric current flow path becomes greater, so that the amount of electric current flowing between the elec- 
trodes can be more increased than the device of Fig. 12. 

Both the electron-emitting device of Fig. 12 and the electron-emitting device of Fig. 13. in which the in- 
sulating layer and the fine particles can be formed simultaneously, have the advantage that the preparation 
steps can be simplified. 

The electron-emitting device of the present invention may further comprise a device having the structure 
as illustrated in Fig. 14(5). 

In Fig. 14. the numeral 4 denotes a substrate; 1 and 2, electrodes; 9. fine particles; and 11. an insulating 
layer. 

Fig. 14 (1) to (5) illustrate cross sections of a device for each preparation step. 

1) The surface of the substrate 4 is degreased and cleaned. 

2) The electrodes 1 and 2 are fonmed in the same nr^anner as in (3) in Fig. 11. 

3) The fine particles are dispersed in the same manner as in step (4) in Fig. 11. 

4) The insulating layer 11 is fomied by a method of EB vacuum deposition, sputtering, or vacuum deposition 
such as plasma CVD. heat CVD or the like process. Usable as materials for the insulating layer 11 are 
oxides such as SiOs and AI2O3. nitrides such as Si3N4, cart)ides such as SiC and TiC. as well as glass ob- 
tained by vacuum deposition or solution-coated baking, and insulating layers comprising organic polymers 
such as polyimides. Also, the layer 11 nrtay desirably have a film thickness of from several nm several 10 
angstroms to several ^m. Here, in general, the insulating layer 11 is deposited also on the surface of fine 
partides 9. and so deposited that the partide diameters of the fine partides 9 may produce convexes. 

The electron emission device prepared according to the above steps 1) to 4) can serve as a device 
having far superior characteristics as compared with the conventional deviced prepared using the forming. 
In the electron-emitting device of the present invention, even the device obtained according to the steps 
1) to 4) can exhibit suff idently good characteristics, but more preferred is a device applied with the fol- 
lowing step 5), since the extent of exposure of the fine partides fixed in the insulating layer can be made 
adjustable by adjusting the deposit thickness of the insulating layer and the amount of etching, and fur- 
thermore it becomes possible to control the electric current between electroies and also control the 
amount of electron emission. 

5) Etching is applied on the surfaces of the convexes of the insulating layer 11 obtained in 4). For example, 
ion milling nray be carried out in the state that the spedmen is obliquely set. so that the surfaces of the 
convexes of the insulating layer 11 are etched. As a result, there is given the structure that part of each 
fine partide 9 is exposed from the insulating layer 11 at the etched portions and also f bced in the insulatino 
layer 11. 

In addition, in the above steps 1) to 5), the low-melting glass may be used as the material for the insulating 
layer 11 and, after step 5) in Fig. 14. the spedmen may be baked at a temperature higher than the softening 
point of the low-melUng glass, so that the fine partides 9 can be further f imnly f bced in the insulating layer 11 
comprised of the low-melting glass. This makes it possible to provide a further stable electron-emitting device. 

The electron-emitting device of the present invention may also comprise those as illustrated in Fig 15 (a) 
and (b) and Fig. 16 (a) and (b). 

In Fig. 15. the numeral 12 denotes a substrate comprising metals 13 such as Ag. Ba, Pb, W and Sn or 
metal oxides 13 such as BaO, PbO and SnOz deposited in porous glass. The numerals 1 and 2 denote elec- 
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trodes provided on the substrate. 

Usable as the above porous glass are Vicor glass (TM) available from Corning Glass Works or porous 
glass MPG available from Asahi Glass Co., Ltd.. and those having a pore size of from 4 nm (40 angstroms) 
to 5 ^im, more preferably having a pore size of from 10 nm (100 angstroms) to 0.5 jim. Fine particles of metals 
or metal oxides of the size equal to or smaller than the pore size are deposited in the pores. The present em- 
bodiment may not be limited to the porous glass, and may be worked using those obtained by roughening the 
glass surface with an aqueous hydrofluoric acid solution or other porous insulating substrates. 

Bringing metals to be deposited and fixed in the pores of porous glass can be achieved by commonly avail- 
able methods as exemplified by a method in whteh porous glass is impregnated with an aqueous solution of 
a nrtrate such as AgNOa. Ba(N03)2 and PbNOa or an aqueous sulfuric add solution, followed by drying and 
thereafter baking in a reducing atmosphere. To deposit the metal oxides, the deposited metals may be baked 
at a suitable temperature and in an atmosphere of oxygen. 

In bringing the metals or metal oxides to be projected from the surface of porous glass, the glass surface 
may be treated for 1 minute with a hydrofluoric acid solution, followed by washing and drying. A desired sub- 
strate 12 can be thus prepared. 

The above substrate 12 may more preferably have a thickness of 0.5 jim or more because of the roughness 
on the surface of porous glass. 

In Fig. 16. the numeral 14 denotes a glass substrate commonly called as colored glass, which is glass that 
contains metal colloid fine particles 15. The numeral 1 or 2 denotes an electrode provided on the substrate. 
The metal colloid fine particles in the colored glass may suitably have a partide diameter of from 2 nm (20 
angstroms) to 600 nm (6.000 angstronns). more desirably from 10 nm (100 angstroms) to 200 nm (2.000 ang- 
stroms). Also, the density of the fine partides. though variable depending on the partide diameter or materials 
for the fine partides. may suitably be in such a state that partides are spatially apart and electrically connected 
in the vidnity of a drive voltage. To make such colored glass, it can be readily prepared by a commonly often 
used technique, namely, a method in which colorant raw materials such as AuClg and AgNOj are dissolved in 
main components of the glass, which is then subjected to heat treatment for 10 to 20 minutes at temperatures 
of from 600°C to 900^ to deposit gold colloid or silver colloid fine partides in the glass. In the substrate pre. 
pared according to such a commonly available method, the metal fine partides are little deposited out of the 
glass surface, and therefore have good smoothness of the substrate surface on which the electrodes are 
formed, thus bringing about the advantage that the electrodes in this device can be made to have a smaller 
thickness. 

In this device, after the metal fine partides were deposited in the glass, the substrate surface may also 
be treated with an aqueous hydrofluoric add solution in the same manner as in the device described in relation 
to the above Fig. 15 so that the metal coHoids may be protruded in a large number from the glass substrate 
surface, thus obtaining the effect as aimed in the present invention. 

The present invention further provkles an electron-emitting device characterized by a device structure, 
comprising a semiconductor layer formed between opposing electrodes, and fine partides further arranged 
in a dispersed state on sakJ semiconductor layer. 

In the electron-emitting device of the present invention, application of a vdtage between the electrodes 
brings about emission of electrons from the fine partides which are conductive. 

Taking such a device structure not only can solve the problems involved in the prior art previously dis- 
cussed, but also can provide an electron-emitting device capable of obtaining emitted electric cun-ents with a 
low electric power and in a high density. 

Description will be made below on the basis of Fig. 1 7. 

In the figure, electrodes 1 and 2 are provided on a substrate 4. giving minute spadng to form a discontin- 
uous electron-emitting region comprising fine particles 9 dispersed between them. The numeral 16 denotes 
a semiconductor layer formed at least at an electrode spacing region L 

Fig. 18 is a diagrammatical cross section in the C-D direction in Fig. 17. In the figure, the kind, partide 
diameter and spadng between fine partides on the substrate 4 are as described in relatwn to Fig. 8. 

A method for preparing of the device illustrated in F^. 17 will be described below. 

Fig. 19 (1) to (3) illustrate cross secttons of a device for each preparation step. 

(1) The surface of a substrate 4 comprised of glass or ceramics is degreased and deaned. 

(2) On the insulating layer obtained in (1). electrodes 1 and 2 are fonmed according to vacuum deposition, 
photolithoetching. lifting-off, printing, or the like process. 

(3) Next the fine partides 9 are coated on the electrode gap regfon obtained in (2). A dfepersion of fine 
partides are used in the coating. Fine partides and an organic binder to promote dispersion of the fine 
partides are added in an organic solvent comprised of butyl acetate, alcohd, ketone or the like, followed 
by stining or the like to prepare the dispersbn of fine partides. Usable as the organic binder are butyral 
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resins, acrylic resins, vinyt chloride-vinyl acetate copolymers, phenol resins, nylons, polyesters and ur- 
ethanes. 

Here, an example of methods for preparing the dispersion of the fine particles is set out below. 
Fine particles, SnO^ 1 g 

(fine particle diameter : 10 to 100 nm (100 to 1,000 angstroms)) 
Organic solvent, MEK (nethyl ethyl ketone) : 
cyclohexane =3:1 1,000 cc 

Organic binder, butyral 1 g 

The at>ove materials were stin^ed in a paint shaker for three hours with glass beads to make a dispersion. 

This fine particle dispersion is coated on the surface of a specimen according to dipping, spin coating or 
the like process, and then baking is carried out for about 10 minutes at a temperature at which the solvent or 
the like may be evaporated and also the organic binder is carbonized to give a semiconductor layer, for exam- 
ple, at 250«C. Thus the semiconductor layer 16 and the fine partides 9 are airanged in the electrode spacing 
L. Of course, the semiconductor layer 16 and the fine particles 9 are arranged on the whole surface of the 
specimen, but no difficulty is brought about as there is applied substantially no voltage to the semiconductor 
layer 16 and the fine particles 9 outside the electrode spacing 5 L when electrons are emitted. Thickness of 
the semiconductor layer 1 6 and arrangement density of the fine particles 9 may vary depending on the coating 
conditions and how to prepare the fine particle dispersion, and the anrount of electric cun-ents flowing to the 
electrode spacing L may also vary in accordance with this. 

In addition to the above fonmatton by coating, also available as a method for dispersing the fine particles 
9 to the electrode gap region obtained in (2) is, for example, a method in which a solutfon of an organic com- 
pound is coated on the substrate followed by thermal decomposition to fonm metal particles. As an example, 
a solution is prepared using materials shown below: 

Fine particle material : Pd organic metal 

compound (weight calculated as Pd metal) 



Organic solvent : Butyl acetate 
Organic binder: Butyral 

This Pd organic metal compound solution is coated, followed by heating, so that the fine particles 9 comprising 
Pd and the insulating layer 16 can be obtained. 

The semiconductor layer 16 comprises a film mainly constituted of the carbon obtained by the baking. This 
is a semiconductor layer having an electrical specific resistance of about 1x10^ n.cm (ohm.cm) or more. 

In the specimen obtained according to the above steps, the thickness of the semiconductor layer 16 be- 
comes smaller than the partide diameter of the fine partides 9. In other words, it has the structure that the 
fine partides 9, though embedded in the semiconductor layer 16, are fixed in the manner that they are partly 
protruded. (Fig. 18) 

In the embodiment having been described above, the fine partides 9 has the structure that they protrude 
from the semiconductor layer 16. Here, the fine partides 9 may be covered with a carbon film obtained by 
further coating only the organic binder solution on the surface of this device followed by baking, so that there 
can be given the structure that the fine partides 9 are induded into the semiconductor layer 16 as illustrated 
in Fig. 20. 

The ratio of carbon to fine partides in the coating solutk>n may be changed to increase the carbon, and 
also the amount of coating may be increased, so that there can be also given the structure that the fine partides 
9 are induded into the semiconductor layer 16 or at least part thereof has protruded from the semiconductor 
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layer as illustrated In Fig. 21. 

The devices having been described above has the feature that the production steps can be simplified since 
the semiconductor layer 16 is formed in the same step as for arrangement of the fine particles 9. 

It is also possible to prepare the semiconductor layer 16 from materials other than the carbon, namely, 
semiconductor materials obtained by coating or printing and baking, as exemplified by a solution containing 
Si. Ge. Se or the like. Accordingly, a semiconductor layer having desired characteristics can be obtained by 
selecting the conditions for the preparation and coating of the solution of these materials and for the baking. 
Also in using these semiconductor layers, there is retained the feature that the fine particles can be arranged 
in the same step. 

The electron-emitting device of the present invention may also comprise an electron-emitting device hav- 
ing the structure as shown in Fig. 22. 

A method of preparing the electron-emitting device illustrated in Fig. 23, 1) to 4) will be described. Cross 
sections of a device are illustrated in succession to describe below an example of the preparation method. 

1) The surface of a substrate 4 is degreased and cleaned. 

2) On the substrate obtained in 1). formed is a semiconductor layer 16 obtained by vacuum deposition, 
coating or printing and baking. 

Usable as the above semiconductor layer are an amorphous silicon semiconductor film or crystallized 
silicon semiconductor film obtained by vacuum deposition, a compound semiconductor film, and a semi- 
conductor film obtained by coating or printing and baking. 

For example, there can be formed a hydrogenated anrorphous silicon (A-Si :H) semiconductor layer 
obtained by plasma CVD. This semiconductor layer has a film thickness of approximately from 5 nm (50 
angstroms) to 10 jim. 

3) Electrodes 1 and 2 are provided in the same manner as in (2) in Fig. 19. 

4) Fine particles 9 are provided in the same manner as in (3) in Fig. 19. It is preferred to decrease the 
amount of carbon in the coaling solution or reduce it to zero to make the thickness of the carbon film sem- 
iconductor layer formed at the electrode spacing region L small. This is because the effect of the semi- 
conductor layer 1 6 can be better brought out by allowing an electric current 1, flowing to the electrode spac- 
ing L to flow to the semiconductor layer 16 and the fine particles 9 as much as possible. 

In the device having such structure, it is also possible to use fine particles feasible for vacuum deposition. 
With a material applicable to vacuum deposition, the fine particles can be formed by control of vacuum de- 
position conditions such as substrate temperature or by a means like vacuum deposition such as masked va- 
cuum deposition. 

In the electron-emitting device obtained according to the above 1) to 4). the semiconductor layer and the 
fine particles are each formed in a separate step, resulting in a greater degree of freedom in the conditions 
for fomning the semiconductor layer. Accordingly, it becomes more possible to adjust characteristics of the sem- 
iconductor layer 16. For example, changing the amount of an impurity dope and selecting suitable conditions 
for fonmation in fonming a semiconductor makes it able to readily adjust the electrical resistance of the semi- 
conductor layer 16. Accordingly, it becomes feasible to adjust the amount of the electric current If flowing to 
the device, thus bringing about the feature that it becomes feasible to adjust the drive voltage of the device. 

In the electron-emitting device of the present inventton, the substrate itself may also comprise a semicon- 
ductor substrate that replaces the semiconductor layer 16. Fig. 24 illustrates a cross section of the device of 
this embodiment. As the semiconductor substrate 17. there can be used substrate materials having desired 
characteristics, as exemplified by Si wafers. Usable as methods forobtaining the semiconductor substrate hav- 
ing the desired characteristics are ion implantation to a semiconductor substrate or insulator substrate and 
the like methods. 

This method enables adjustment of the specific resistance only at desired areas on the same plane. For 
this reason, in instances where electron-emitting devices are integrated in a high density, the leakage current 
among adjacent devices can be made small and the crosstalk can be decreased. Because of the arrangement 
on the same plane, this method further has the feature that no trouble such as disconnection may occur owing 
to poorness in step coverage on the stepped ends of the electrodes. 

Fig. 25 is a cross section explanatory of still another electron-emitting device of the present inventran. The 
respective materials are constituted In the manner as described above, but in the preparation steps the sem- 
iconductor layer 16 is formed after the electrodes 1 and 2 and the fine particles 9 were formed. Thus the fine 
particles 9 are made to be included into the semiconductor layer 1 6 and fixed there. The surface of the sem- 
iconductor layer is thereafter shaved off by etching to give the structure that the fine particles 9 are fixed in 
the state that they protrude from the semiconductor layer. 

Fig. 26 (1) to (5) successively illustrate cross sections of device to explain the preparation steps of the 
electron-emitting device illustrated in Fig. 25. An example of the preparation method will be described below. 
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(1) The surface of the substrate 4 is degreased and washed. 

(2) Electrodes 1 and 2 are provided in the same manner as in Fig. 19(2). 

(3) Fine particles 9 are provided in the same manner as in Fig. 19(3) (preferably using a dispersion con- 
taining no organic binder). 

(4) A semiconductor 16 is formed in the vicinity of the electrode spacing region L Here, in general, the 
semiconductor layer is deposited also on the surface of the fine particles 9. and so deposited that the'par- 
tlcle diameters of the fine particles 9 may produce convexes. 

(5) Etching is applied mainly on the surfaces of the convexes of the semiconductor layer 16 obtained in 
(4). For example, ion milling may be canried out in the state that the specimen is obliquely set. so that the 
surfaces of the convexes of the semiconductor layer 16 are etched. As a result there is given the structure 
that part of each fine particle 9 is exposed from the semiconductor layer 16 at the etched portions and 
also fixed in the semiconductor layer 16. 

If alternatively the etching step is not applied, there is given the structure that the fine particles 9 are in- 
cluded into the semiconductor layer 16. 

In ail the embodiments having been described above, the semiconductors and fine particles are arranged 
in the electrode spacing region formed on a plane substrate, but the present invention is by no means limited 
to these forms. 

For example, the electron-emitting device may take the fbnm as shown in Fig. 1 . i.e.. the vertical type one 
(See Fig. 27.) This is a device in which the electrodes 1 and 2 are each formed on the other side of a stepped 
portion of the insulating layer 5 on the substrate 4. 

The present invention particularly further provides a device in which the electrodes disposed in the elec- 
tron-emitting device as illustrated in Fig. 8 are made to be disposed as in the vertical type as shown in Fig. 1 , 
i.e., an electron-emitting device comprising a substrate provided thereon with an insulating layer in which fine 
particles are dispersed, a stepped portion fomned at an end portion of the insulating layer on the top surface 
of the substrate, and an electrode provided each on the top surface of said insulating layer and on the top 
surface of said substrate; an end of each electrode being positioned at an upper end or lower end of said step- 
ped portion in such a manner that at least part of the sidewal! face at the stepped portion, of the end portion 
of said insulating layer in which the fine particles are dispersed may not be hidden; and electrode spacing being 
formed between said electrode ends, where electrons are emitted by applying a voltage between these elec- 
trodes [Fig. 28 (C)]. 

In Fig. 28 (a), (b) and (c). the numerals 1 and 2 denote electrodes for obtaining electrical connection; 4, a 
substrate; 9. fine particles; 5, an Insulating layer containing the fine particles in a dispersed state; and 6. an 
electrode spacing. 

In Fig. 28 (C), the electron-emitting device of the present invention is a device such that the fine particles 
9 dispersed in the insulating layer 5 forming a stepped portion are arranged at the electrode spacing 6 formed 
between the electrodes 1 and 2 whose end portions oppose each other (but without overlap) at the stepped 
portion, where electrons are emitted from the fine particles 9 by applying a voltage between the electrodes 1 
and 2. 

An example of preparation methods will be described below in relation to Fig. 28 (a), (b) and (c). 

First, the insulating layer 5 containing the fine particles 9 is built up on the substrate 4 by liquid coating 
or a like process [see Fig. 28 (a)]. 

Next, the insulating layer 5 is etched by photolithoetching so that a stepped portion is given substantially 
at the middle portion of the substrate 4 [see Fig. 28 (b)]. 

Then the electrodes 1 and 2 are deposited on the insulating layer 5 and the substrate 4 in such a manner 
that at least part of the skiewall of the stepped portion may not be hidden, thus forming the electrode spacinq 
6 [see Fig. 28 (c)]. ^ 

The electron-emitting device of the present invention can be obtained according to the above process. 
The present device n^ay be placed in a vacuum container, a voltage nDay be applied to the electrodes 1 and 
2, and a lead-out electrode plate (not shown) may be disposed so as to oppose at the top surface of the device, 
to which a high voltage is applied, whereupon electrons are emitted from the vicinity of the electrode spacing 
6. 

In this figure, the materials for and thickness of the electrodes, nrtaterials for ttie fine particles concerned 
with the electron emission and materials for and thickness of the insulating layer are as described in relation 
to Fig. 1. 

It can be confirm that an electron-ennitting device comprising electrodes 1 and 2 formed partly overlapping 
as illustrated in Fig. 29 (c). though having a slight difference in the electrode spacing, can also give good re- 
sults. 

In the device illustrated in Fig. 29 (c). an electrode 1 is first deposited and formed on a substrate 4 (see 
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Fig. 29 (a)). Thereafter an insulating layer 5 containing fine particles 9 and an electrode material 2c are de- 
posited [see Fig. 29 (b)], and an electrode 2 and electrode spacing 6 are formed by photdithoetching, thus 
forming an electron-emitting device [see Fig. 29 (c)]. 

The present invention also provides an electron emission device as illustrated in Fig. 30, which is another 
embodiment of the electron-emitting device described in relation to Fig. 28 and at the same time a preferred 
embodiment of the electron-emitting device illustrated in Fig. 1. 

The electron-emitting device illustrated in Fig. 30 comprises a substrate provided thereon with insulating 
layers interposing the face on which fine particles are dispersed, a stepped portion formed between an end 
portion of the insulating layer and the top surface of the substrate, and an electrode provided each on the top 
surface of said insulating layer and on the top surface of said substrate; an end of each electrode being posi- 
tioned at an upper end or lower end of said stepped portion in such a manner that said electrode may not come 
into contact with the face on which the fine particles are dispersed; and electrode spacing being formed be- 
tween said electrode ends, where electrons are emitted by applying a voltage between these electrodes. 

In Fig. 30. the numeral 1 and 2 denote electrodes for obtaineing electrical connection; 4, a substrate; 5a. 
an insulating layer on the substrate 4; 9. fine partides on the insulating layer 5a; 5b. an insulating layer to cover 
the fine particles; and 6. electrode spacing between the electrodes 1 and 2. 

In Fig. 30(d). the electron-emitting device of the present invention is a device in which the fine partides 
9 interposed between the insulating layers 5a and 5b are arranged at the electrode spacing defined between 
the electrodes 1 and 2 whose end portions oppose each other (but without overlap) at the stepped portion, 
and electrons are emitted from the fine partides 9 by applying a voltage between the electrodes 1 and 2. 

A preparation method thereof will be described below. 

First, the insulating layer 5a is built up or deposited on the substrate by liquid coating, vacuum deposition 
or the like process, and then the fine partides 9 are dispersed on the insulating layer 5a [see Fig. 30 (a)]. 

Next, the insulating layer 5b is built up or deposited on the insulating layer 5a and the fine partides 9 by 
liquid coating or vacuum deposition or the like process so that it may cover the fine partides 9 [see Fig. 30 
(b)]. 

The insulating layers 5a and 5b interposing the fine partides are further formed by photollthoetching so 
that the stepped portion can be given substantially at the middle of the substrate 4 [see Fig. 30 (c)]. 

Thereafter, the electrodes 1 and 2 are deposited on the insulating layer 5b and the substrate 4 in such a 
manner that at least part of the sidewall of the stepped portion and the fine partides 9 may not be hidden and 
also no electric short may be caused, to form the electrode spadng 6 [see Fig. 30 (c)] 

The electron-emitting device of the present invention can be obtained according to the above process. 
The present device may be placed in a vacuum container, a voltage niay be applied to the electrodes 1 and 
2, and a lead-out electrode plate (not shown) may be disposed so as to face the top surface of the device, to 
which a high voltage is applied, whereupon electrons are emitted from the vidnity of the electrode spacing 6. 

The present invention may still also be embodied for the electron-emitting region 3 by forming an electron- 
emitting layer 3a and electron-emitting bodies 3b. 

For example, as illustrated also in Fig. 31. this is an electron-emitting device having the structure that, 
for example, the embodiments of Fig. 3 and Fig. 5 previously described are combined. 

In Fig. 31. the electron-emitting device of the present invention is a device comprising a laminate com- 
prising an insulating layer 5 held between a pair of electrodes whose end portions oppose each other, wherein 
the electron-emitting layer 3a is induded into the insulating layer 5 in such a manner that the sidewall face of 
the electron-emitting layer 3 a may be disposed along the sidewall face of the insulating layer 5 formed at the 
opposing portion at which the electrodes 1 and 2 oppose each other, and the electron-emitting bodies 3b are 
further disposed at the surface of said sidewall. where electrons are emitted by applying a voltage between 
the electrodes 1 and 2. 

The materials and methods for forming the device are as described previously. 

Besides taking the structure as illustrated in Fig. 31 to form the electron-emitting region 3, it is also de- 
sirable to. as shown in Fig. 33, form a stepped portion 18 with an insulating layer 5 containing fine partides 
(electron-emitting materials) 9 and at the same time provide electron-emitting bodies 3b on the side surface 
of said stepped portion. 

Alternatively, as shown in Fig. 35. fine partides (electron-emitting materials) 9 may be arranged on an 
insulating layer 5a. the fine partides are further covered thereon with an insulating layer 5b to form a stepped 
portion, and electron-emitting bodies 3b may be further arranged on the side surface of said stepped portion 
to form an electron-emitting region. 

In the present invention, the device may also comprise an electron-emitting region obtained by three or 
more of its formation methods as shown in Fig. 36. 

Inddentally, in the case where the fine partides are used as the electron-emitting bodies 3b dispersed 
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on the side surface or the electron-emitting materials 9 contained in the insulating layer as described above 
It was confirmed that employment of two or more kinds of different materials as said fine partides enat>le^ 
better control of the characteristics as the electron-emitting device. 

Usable as materials for the fine particles are the materials same as those described in relation to Fig 8 
Selecting appropriately two or more kinds of different materials among those materials as occasion demands 
and using them as the fine partides makes It possible to not only achieve electron emission but also improve 
or control the characteristics of intended electron-emitting devices. 

For example, since in the electron-emitting device of the present invention an electric cun^nt In the direc- 
tion of electrodes is indispensable for electron emission, it is possible to lower the drive voltage of the device 
by incorporating fine partides of relatively low resistance nature (for example, incorporating Pd or Pt fine oar- 
tides in Sn02 fine partides). 

It can be also expected to increase electron emission by adding to Pd fine partides. low work function 
materials as exemplified by LaBe or materials having a large coefficient of secondary electron emission as 
exemplified by an AgMg alloy. 

The present invention can be also effective not only for the embodiment using the fine partk:les of two or 
more of different materials, but also for the instance where the fine partides, even though comprised of one 
kind of materials, are constituted of two or more kinds having difference only in physical parameters such as 
average partide diameter and shapes. 

For example, the partide diameter may be made to comprise two kinds, one of whfch is so fine (as exem- 
plified by a partide diameter of about 10 nm or 100 angstroms) that the effect of electric field emission can 
be greatly exhibited, and the other of which is relatively so large (as exemplified by a partide diameter of about 
400 nm (4.000 angstroms)) as to be contributory only to electrical conductivity, so that the former can realize 
increase in the amount of electron emission, and the latter, driving with a low voltage. 

It is of course also possible to utilize the materials by making combination both of the above-described 
two or more kinds of different materials and two or more kinds having difference in physical parameters as in 
partide diameter. 

To form the fine partides by dispersion, most simple and convenient is a method in which a dispersion of 
fine partides comprising desired materials is coated on a substrate or the like by rotary coating, dipping or 
the like technique, followed by heating to remove a solvent a binder and so forth. In this instance, adjusting 
the partide diameter of fine partides. content thereof, coating conditions, etc. enables control of the state of 
distribution of their dispersion. 

There is no established theory as to the mechanism by which the electrons are emitted from the electron- 
emitting device according to the present invention, but it is presumed to be nearly as follows: 

Presumed are the electric field emission because of the voltage applied to a naaow insulating layer gap 
or the secondary electron emission occurring when the electrons emitted from electron-emitting materials are 
diffracted or scattered by the film of the island-like structure or the electrodes, or caused by collision, or the 
thermionic emissfon. hopping electrons. Auger effect, etc. 

EXAMPLES 

Specific examples of the present invention will be described below. 
Example 1 

Fig. 3 (a), (b) is a flow sheet illustrating an example for a method of preparing the electron-emitting device 
of the present invention. 

In Fig. 3 (a), (b), the numeral 4 denotes a glass substrate; and 1, a nickel electrode of 50 nm (500 ana- 
stroms) thick. ^ 

Si02 was vapor deposited to fonm an insulating layer 5a of 1 00 nm (1 .000 angstroms) thick. Au was vapor 
deposited as an electron-emitting layer 3a to have a thickness of 50 nm (500 angstroms), and an insulating 
layer 5b was also formed in the same manner as for 5a. thus bringing these three layers into lamination. 

Then these were partly laminated on the electrode 1 as iflustrated in Fig. 3 (a), along the pattern of the 
electrode 1. followed by patterning. Next. Ni was laminated as an electrode 2 with a film thickness of 500 nm 
(5.000 angstroms). 

As illustrated in Fig. 3 (b), the electrode 2 was subjected to patterning by usual photolithographk; process 
along the patterns of the electrode 1. insulating layer 5a, electron-emitting layer 3a and insulating layer 5b 
As illustrated in the figure, the electrodes 2a and 2b were electrically separated, and here the area at which 
the electrode 2b and electrode 1 overlap was made as small as possible. 
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Applying a voltage of 20 V between the electrode 2a and 2b. there was obtained emission of an electron 
beam 7 of 0.3 per 1 mm length of width of the electrode 2a in the direction vertical to the paper surface. 

As to the electron-emitting layer 3a. usually it may show an island structure similar to the small island struc- 
ture among narrow cracks in the conventional film prepared by forming, if its film thickness is 10 nm (100 ang- 
stroms) or less. However, it is presumed that even if the film thickness increases to give a continuous film 
the electrodes 1 and 2b are electrically insulated, and thus the layer acts similarly to the island structure. 

Example 2 



In Fig. 4. the numerals 1 to 5 denotes the same as in Fig. 3. In this figure, the numeral 8 denotes an in- 
termediate layer, which is interposed between the insulating layer 5b and electrode 2 to constitute a multi-layer 
electrode. In the present Example, subsequent to the formation of the insulating layer 5b, a step to vapor-de- 
posit LaBe to a thickness of 100 nm (1.000 angstronns) followed by patterning was added to the preparation 
steps in Example 1 . The electrode 2 was also formed by using Ni with a thickness of 500 nm (5.000 angstroms) 
as in Example 1 . 

Applying a voltage of 20 V between the electrode 2a and 2b of the device thus obtained, there was obtained 
emission of an electron beam 7 of 0.5 mA per 1 mm length of width of the electrode 2a in the direction vertical 
to the paper surface. 



Example 3 



Fig. 6 (a), (b) is a flow sheet illustrating an example for a method of preparing the electron-emitting device 
according to the second embodiment of the present invention. In Fig. 6 (a), (b). the numeral 4 denotes a glass 
substrate. 

An insulating layer 5a was formed with SiOz in 150 nm (1.500 angstrom) thickness; an electron-emitting 
layer 3a. with Pd in 25 nm (250 angstrom) thickness; and an insulating layer 5b. with SiOj in 50 nm (500 ang- 
strom) thickness, each of which layer was obtained by vacuum deposition and thereafter, as illustrated in Fig. 
6 (a), etched to have a stepped shape to effect patterning. Next, electrodes 1 and 2 are deposited. The elec- 
trodes are. as illustrated In fig. 6 (b), are deposited on the insulating layer 5a and 5b and the stepped portion 
formed by the electron-emitting layer 3a wrth use of Ni with a thickness of 100 nm (1.000 angstroms). In this 
occasion, generally the electrode 1 will not come into contact with the electron-emitting layer 3 if the thickness 
of the electrode is made smaller than the height of the stepped portion of the insulating layer 5a. I.e.. the step 
coverage is made poor, and also the electrode spacing 6 can be made narrower if the insulating layer 5b Is 
made thinner. 

The electron-emitting device obtained according to the above process was placed in vacuum, a voltage 
of 1 kV was applied using a lead-out electrode (not shown) provided at an upper area In the drawing and a 
direct current voltage of about 12 V was applied between the electrodes 1 and 2. resulting In emission of elec- 
trons from the electron-emitting regton 3. 



Example 4 



(See Fig. 2.) On a glass substrate 4. an insulating layer 5 was deposited using SiOj to a thickness of 200 
nm (2.000 angstroms). This was etched to have a stepped shape to effect patterning. Next, electrodes 1 and 
2 were deposited with Ni in 1 00 nm (1 .000 angstroms) thickness by vacuum deposition with masking to desired 
shapes. Here, the step coverage by vapor deposited Ni at the stepped portion was generally made poor, and 
the electrode spadng 6 was formed in a space of about 100 nm (1.000 angstroms). Fine particles were rnade 
to be fbced here as electron-emitting bodies 3b. The fine particles are obtained, for example, by the following 
manner. Namely, prepared is a solution of fine particles of metals such as Pd, having a particle diameter of 
several 10 nm (several 100 angstroms) as materials serving as the electron-emitting bodies 3b. This solution 
was coated by spin coating, and baked at a temperature of about 300<^C to fix the fine particles to the electrode 
spacing region. The resulting device was able to emit electrons by driving it as in Example 3. 

Example 5 



In the constitution in Fig. 8. fonmed on a soda lime glass substrate 4 was an insulating layer 11 comprised 
of a lead oxide type low-melting glass coating film. 

Pt electrodes 1 and 2 were further formed thereon with a thickness of 100 nm (1.000 angstroms). L = 0.5 
nm and W = 300 ^m. and Pd. as fine particles 9, of several ten nm (several hundred angstroms) in partide 
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10 



15 



20 



35 



45 



diameter were further arranged in a dispersed state between said electrodes. 

The Pd fine particles 9 were arranged by spin coating (300 rpm; coating was repeated five times), using 
a butyl acetate solution (Catapaste CCP^230, available from Okuno Seiyaku Kogyo) containing an organic 
palladium compound in an amount of about 0.3 % in temns of Pd metal, and treated by heating at 250*'C. They 
were then baked for 20 minutes at 450°C to bring the fine particles to be included into the insulating layer 11 . 

Here, the amount of an electric current flowing to the electrode spacing L was about 5 nA/5V. This speci- 
men was subjected to pickling using an aqueous 5 to 10 vol.% HQ solution, resulting in the amount of electric 
current of 250 ^A/5V. 

The specimen prepared according to the above process was placed under vacuum of 1.33-10-3Pa (10-5 
Torr) or more, and a voltage was applied between the electrodes 1 and 2 as described above. As a result, an 
electric current I, flowed on the surface of inside of the insulating layer 11 or through the fine particles 9. and 
a stable electron emission was confirmed when a voltage was applied allowing an lead-out electrode (not 
shown) to serve as the anode. The electron emission was also confirmed in regard to a specimen to which no 
pickling was applied. 

Results of measurement on the electron-emrtting device prepared in the present Example are shown in 
Table 1 . Swing of the emitted electric current is indicated with a value obtained by dividing the amount of change 
Ale in the amount of the emitted electric current of 1 x 10-3 hz or less by the emitted electric current I and 
multiplying it by 100. i.e.. AlA x 100. * 

Table 1 



25 Efficiency 

V, 

^ (Ealtted Swing 

Device current of 

drive Ealtted Device Life* emitted 

voltage current current I^) current 



Present 

Exaaple: yj^ 
^ 30 V 0.8 6 X 10"^ 1,000 hrs 



10 % 
or more 



* Life: The period in which the emitted electric 
current comes to 50 % or less 



The above results, as compared with the results of measurement of a surface conduction electron-emitting 
device comprised of ITO materials that required the forming the conventional technique (drive voltage of the 
device: 20 V; emitted electric current 1.2 mA; efficiency: 5x10^. life: 35 hours; swing of emitted electric cur- 
rent 20 to 60 %), can tell the following; 

The electron-emitting device of the present Example is stable and of long life, and shows high character- 
istics in the electron-emitting efficiency. 

Example 6 



Example 5 was exactly repeated except that the baking for 20 minutes at 450X was replaced by complete 
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baking for 2 hours at 490X. to carry out an experiment. 

The device obtained by the above experiment gives a device in which all the fine particles 9 are penetrated 
into the insulating layer 11 (Fig. 9). 

The same measurement as in Example 5 was made on this electron-emitting device to obtain the same 
electron emission as in Example 5, but it tended to have a longer life and show further decreased swinq of the 
emitted electric current. 

More specifically, the electron-emitting device in which the fine particles are included into the insulating 
layer as in the present Example 6 is characterized by being more improved in the life and the swing of emitted 
electric current in addition to the effect obtainable in Example 5. 

Example 7 

Example 5 was exactly repeated except that the baking for 20 minutes at 450^0 was replaced bv bakina 
for 10 minutes at 420°C. / "™..y 

The device obtained by the above experiment gives a device as shown in Fig. 10. The electron-emitting 
device in which the fine particles are slightly penetrated into the insulating layer brought about an electron- 
emitting device having more improved emitted electric current and emitted current efficiency (UU) in addition 
to the effect obtainable in Example 4. 

20 Example 8 

The surface of the insulating layer 11 at the electrode spacing L of the electron-emitting device obtained 
in Example 6 was etched using an aqueous 5 Vol.% HF solution to bring the fine particles 9 to expose from 
the insulating layer 1 1 . so that there was obtained a device having the same structure as in the above Example 

25 7, 

Example 9 



10 



IS 



30 



35 



Using a substrate 12 comprising porous glass having a pore size of 8 to 100 nm (80 to 1,000 angstroms) 
in which gold fine particles were deposited to have a device resistance of from 1 Mn (megaohm) to 10 Ma 
(megaohms), there was given an electron-emitting device of the present invention (Fig. 9). 

Measurement on said device was carried out in the same manner as In Example 5. Results are shown in 
Table 2. 
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Table 2 



Efficiency 
^ (Emitted 
Device current I 

e 

drive Emitted Device 

15 voltage current current I^) 



20 



30 



45 



50 



Life* 



Present 

Example: pA 



"V 1.0 2 X 10 ^ 1,000 hrs 

25 ^ or more 

* Life: The period in which the emitted 

electric current comes to 50 3^ or 
less . 



It was revealed from the above results that the electron-emitting device of the present invention becomes 
an electron-emitting device that is stable (i.e. small in the swing of the emitted electric current) and of long life 

35 and has a high electron emission efficiency as compared with a conventional device obtained by forming of 
gold (device drive voltage of: 16 V; emitted current 0.8 nA; efficiency: 1.2 x 10-6; nfe; 35 hours; swing: 20 to 
60 %). After the experiment for electron emission, the degree of device deterioration was observed by using 
a scanning type electron microscope, but there was seen little change in the diameter or distribution of the 
fine particles of gold present between the electrodes. However, the device obtained by forming of gold showed 

40 an extreme deterioration at the high resistance part discussed in the prior art 

The device according to the present Example 9 was able to be readily intergrated with less irregularities 
between devices even when a number of the devices were formed on the same substrate. 



Example 10 

Refenring to Fig. 16, obtained was an electron-emitting device comprising a colored glass (golden red 
glass) substrate 14 having gold colloids. 

The same measurement as in Example 5 was made on said elect ron-em it ting device. Results obtained 
are shown in Table 3. 
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Table 3 



Efficiency 

V 

f (Ettitted 
Device ^e current I / 

drive Emitted Device Life* 

voltage current current I^) 

15 



Present 

Example: \ik 

32 V 0.6 2 X lO"^ 2,000 hrs 

or more 

* Life: The period in which the emitted electric 
current comes to 50 % or less. 

30 As will be seen also from Table 3, the electron-emitting device of the present Example is stable (i.e. small 

in the swing of the emitted electric current) and of long life and has a high electron emission efficiency. After 
the experiment for electron emisston. the degree of device deterioration was also confirmed by using a scan- 
ning type electron microscope, but there was seen little change in the diameter or distribution of the fine par- 
ticles of gold present between the electrodes. In contrast therewith, the conventional device obtained by form- 

35 ing of ITO shows an extreme deterioration at the high resistance part 

There was also obtained similar results in the case when, after fine particles are deposited in the glass, 
the substrate surface was treated with an aqueous hydrofluoric acid solution so that metal colloids may be 
protruded in a large number from the surface of the glass substrate, thus giving an electron-emitting device 
of the present invention. 



40 



Example 11 



On a dean, quartz glass substrate of about 1 mm thick, a solution prepared by mbcing an organic solvent 
(Catapaste CCP (TM), available from Okuno Seiyaku Kogyo) containing an organic palladium compound with 

45 a Si02 liquid coating preparation (OCD (TM), available from Tokyo Ohka Kogyo) to have a molar ratio of SiOz : 
Pd of about 5 : 1 was spin-coated with a spinner. Thereafter the resulting coating was baked for 1 hour at about 
400«C to obtain a SiOj insulating layer 11 having a film thickness of about 100 nm (1.000 angstroms) and con- 
taining Pd fine particles 9. After this step, the surface of the insulating layer 11 was etched using an aqueous 
hydrofluoric acid to bring the fine particles 9 to protrude from the insulating layer 11. 

50 Next, on the SiOj insulating layer 11. a photoresist was formed by photolithography with a thickness of 

abut 0.8 fim in the shape giving an electrode spadng L Further on the SiOj insulating layer 11 and said pho- 
toresist, a Ni thin film was deposited with a thickness of 100 nm (1.000 angstroms) according to the masking 
EB vacuum depositbn that obtains shapes of electrodes. Thereafter the photoresist was peeled to carry out 
a lift-off step to remove unnecessary Ni thin film on the photoresist Thus the shapes of the electrodes 1 and 

55 2 and electrode spacing L as shown in Fig. 8 can be formed. In this instance, each dimension shown in Fig. 8 
was set to be L = 0.5 nm, W = 300 jim and A = 2 mm. 

Electron emission characterfetics of the electron-emitting device obtained according to the al>ove process 
were measured to have revealed that there was obtained electron emission of. approximately, emitted electric 
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current U = 1 nA and emission efficiency a = 5 x 10-3 under the drive voltage Vf = 30 V of the device. The life 
and the swing of the emitted electric current were in substantially the same level as those in Example 5. 

Example 12 

Example 11 was repeated but replacing the organic palladium compound by Sn02 fine particles of 100 
angstroms in average particle diameter, to obtain a similar electron-emitting device, and similar experiments 
were carried out As a result there was obtained electron emission of substantially the same level as in Example 
11. 

Example 13 

In the constitution as illustrated in Fig. 17. a semiconductor layer 1 6 of about lOnm (100 angstroms thick 
was formed on a soda glass substrate 4 by using a carbon film obtained from a calcined organic substance. 
Palladium fine particles of about lOnm (100 angstroms) in diameter are dispersed in the semiconductor layer. 

Electrodes 1 and 2 were also formed with Pt to have a thickness of 1 00 nm (1 .000 angstroms), a spacing 
of 0.8 ^m. and a width of 300 ^m. 

Applying a voltage between the electrodes 1 and 2 prepared in the above produced a flow of an electric 
current If through the semiconductor layer 16 and fine particles 19. and a stable electron emission was con- 
firmed when a voltage was applied allowing an lead-out electrode to serve as the anode. 

Comparison of examples of characteristics were made between the electron-emitting device prepared in 
the present Example, having a semiconductor, and a prior art surface conduction electron-emitting device com- 
prised of ITO and requiring the forming, to obtain the results shown in Table 4. Swing of the emitted electric 
cunrent is indicated with a value obtained by dividing the amount of change Al, in the amount of the emitted 
electric cunrent of 1 x 10-^ Hz or less by the emitted electric current U and multiplying it by 100. i.e.. A\J\^ x 
100 (%). 
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Table 4 



10 



15 



20 



25 



30 



Device 

drive 

voltage 



e 

Emitted 
current 



Present 
Example: 

15 V 4 

Device of forming 
of ITO: 

20 V 1.2 pA 



Efficiency 
(Emitted 
current I 

e 

Device 



current I^) 



I'x 10 



-3 



Life* 



800 hrs 
or more 



Swing 

of 
emitted 
current 



15 % 



5 X 10 



-3 



35 hrs 20 - 60 



^ * Life: The period in which the emitted electric 

current comes to 50 % or less 

As will be clear from Table 4, the surface conduction electron-emitting device of the present Example is 
40 characterized by being stable and of long life, showing a low drive voltage and a large emitted electric current. 

Example 14 



In the constitution illustrated in Fig. 22, an A-Si:H film was deposited on a glass substrate 4 by plasma 
45 CVD to have a thickness of 200 nm (2,000 angstroms), thus giving a semiconductor layer 16. Bectrodes 1 
and 2 were formed with Pt to have a thickness of 100 nm (1.000 angstroms), a spadng L of 0.8 ^m, and a 
width W of 300 ^im. 

Pd, as fine particles 9, of several 10 nm (several 100 angstroms) in diameter were further an-anged in a 
dispersed state between sakJ electrodes. 
50 The Pd fine particles 9 were arranged by spin coating (3,000 rpm; coating was repeated five times), using 

a butyl acetate solution (Catapaste CCP-4230, available from Okuno Seiyaku Kogyo) containing an organic 
palladium compound in an amount of about 0.3 % in terms of Pd metal, and treated by heating at 250°C. The 
electron-emitting device prepared in the present Example, having a semiconductor, was evaluated in the same 
manner as in Example 13. As a result, it was able to obtain similar electron emission. 

55 

Example 15 



In the constitution illustrated in Rg. 25, electrodes 1 and 2 were formed on a glass substrate 4 wnth R to 
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have a thickness of 100 nm (1.000 angstroms), a spacing L of 0.8 jim. a width W of 100 ^m. 

Fine particles were prepared in the same n^nner as in Example 14. and hydrogenated amorphous silicon 
was fomned as a semiconductor layer 16 by plasma CVD to have a thickness of at>out 50 nm (500 angstroms). 

Thereafter the convexes on the semiconductor layer 16 were etched by ion milling. 

The electron-emitting device prepared according to the above process was evaluated in the same manner 
as in Example 12 to have found that there is obtained similar electron emission. Particularly In the present 
Example, different from Example 14. the electron-emitting device in which the fine particles 9 were fixed in 
the semiconductor layer 16 had a tendency of stableness in electron emisston in addition to the effect obtain- 
able in Example 14. 

Example 16 

An electron-emitting device was obtained according to the previously described preparation steps (a) to 
(c) of Fig. 28. 

More spedf ically. on a clean, quartz glass substrate of about 1 mm thick, a solution prepared by mixing 
an organfc solvent (Catapaste CCP (TM) available from Okuno Seiyaku Kogyo) containing an organic palla- 
dium compound with a SiOz liquid coating preparation (OCD. available from Tokyo Ohka Kogyo) to have a molar 
ratio of SiOj : Pd of about 5 : 1 was spin coated with a spinner. Thereafter the resulting coating was baked for 
1 hour at about 400°C to obtain a SiOj insulating layer 5 having a film thickness of about 150 nm (1 ,500 ang- 
stroms) and containing Pd fine particles 9 [see Fig. 28 (a)). 

Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid sol- 
ution to form a stepped portion of about 150 nm (1 .500 angstroms) high at the middle of the substrate 4 [see 
Fig. 28(b)]. 

Thereafter. Ni electrodes 1 and 2 of about 50 nm (500 angstroms) in film thickness was formed by depos- 
ition utilizing EB vacuum deposition in the manner that the stepped portion may not be completely covered. 

In this instance, there is given the structure that the electrodes 1 and 2 oppose each other with certain 
spacing, across the side wall of the stepped portion of the insulating layer 5 containing the fine particles 9. 
This space is designated as electrode spacing 6 [see Fig. 28 (c)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were nrieasured to have revealed that there was obtained electron emission of. approximately, emitted electric 
cunrent 1^ = 2.5 and emission efficiency a = 5 x 10^. 

Example 17 

According to the previously described preparation steps (a) to (c) of Fig. 29. prepared was an electron- 
emitting device of the constitution that an insulating layer is held between electrodes. 

More specifically, on a clean, quartz glass substrate 4 of about 1 mm thick, an Ni electrode of about 50 
nm (500 angstroms) in film thickness was deposited by EB vacuum deposition to form an electrode 1 by pho- 
tolithoetching [see Fig. 29 (a)]. 

Next, on the surface of the electrode 1 and the substrate 4. a Si02 insulating layer 5 containing Pd fine 
particles 9 was deposited in the same manner as in Example 1 6 to have a film thickness of about 1 00 nm (1 .000 
angstroms). A Ni thin film of about 100 nm (1 ,000 angstroms) in film thickness was further deposited on the 
Si02 insulating layer to give an electrode material 2c [see Fig. 29 (b)J. 

Thereafter, on the Ni thin film, formed was a photoresist in the shape of an electrode 2 partly overlapping 
with the electrode 1 at the middle of the substrate. In the shape of this photoresist, the electrode material 2c 
and insulating layer 5 were etched, followed by peeling of the resist to form the electrode 2 and an electrode 
spacing 6. The size other than thickness, of each material, was made to be the same as in Example 16. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured. As a result, there was obtained the same electron emissfon as in Example 16. 

Example 18 

Example 16 was repeated except that the material for fine particles and the organic solvent comprising 
the organic metal compound were replaced by a Si02 liquid coating preparation in which Sn02 fine partides 
of about 10 nm (100 angstroms) in prinrwiry partfcle diameter were dispersed, to carry out an experiment. As 
a result, there was obtained the same electron emission as in Example 16. 
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Example 19 

An electron-emitting device was obtained according to the previously described preparation steps (a) to 
(d) of Fig. 30. 

More specifically, on a dean, quartz glass substrate of about 1 mm thick, a SiOa liquid coating preparation 
(Catapaste CCP (TM). available from Okuno Seiyaku Kogyo) was spin-coated with a spinner. Thereafter the 
coating was baked for 1 hour at about 400*0 to obtain an insulating layer 5a comprised of SiOj and having a 
film thickness of about 100 nm (1 ,000 angstronts). Subsequently, on the insulating layer 5a, an organic solvent 
(Catapaste CCP, available from Okuno Seiyaku Kogyo) containing an organic palladium compound was spin 
coated with a spinner. Thereafter the coating was baked for 10 minutes at about 250X to obtain fine particles 
9 comprised of Pd in the state that they are dispersed on the surface of the insulating layer 5a [see Fig 30 
(a)]. 

Next, on the fine particles 9 and insulating layer 5a, an insulating layer 5b comprised of SiOs was coated 
in the same manner as the insulating layer 5a to have a film thickness of about 50 nm (500 angstroms), followed 
by baking [see Fig. 30 (b)]. 

Thereafter, the insulating layers 5a and 5b were etched using an aqueous hydrofluoric acid solution by 
photolithoetching to form a stepped portton of about 1 50 nm (1 ,500 angstronrts) high at the middle of the sub- 
strate 4 [see Fig. 30 (c)]. 

Ni electrodes 1 and 2 of about 500 nm (5.000 angstroms) in film thickness was further formed by deposition 
utilizing EB vacuum deposition in the nr^nner that the stepped portion may not be completely covered. A space 
thus formed is designated as electrode spacing 6 [see Fig. 30 (d)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of, approximately, emitted electric 
current = 2.0 \iA and emission efficiency a = 8 x 10-^. 

Example 20 

As illustrated in Fig. 32, a Ni electrode 1 of 500 angstroms thick was formed on a glass substrate 4 by 
vacuum deposition. On the electrode 1 , an insulating layer 5a made of SiOj was formed by vacuum deposition 
utilizing sputtering to have a film thickness of 100 nm (1.000 angstroms). 

Next, an electron-emitting layer made of Au was formed in 50 nm (500 angstroms) thickness by vacuum 
deposition (a layer 3a), and thereafter an insulating layer 5b (SiOz) was formed with a film thickness of 100 
nm (1,000 angstroms) by sputtering. 

Afterthe respective layers of the insulating layer 5a. electron-emitting layer 3a and insulating layer 5b were 
laminated, they are partly laminated on the electrode 1 as illustrated in Fig. 32 (a) along the pattern of the 
electrode 1 . followed by patterning. Next, an electrode 2 is laminated. The electrode 2 was made of Ni to make 
wiring resistance lower. The thickness thereof was controlled to 500 nm (5,000 angstronrts) to obtain necessary 
wiring resistance. 

After the electrode 2 was laminated by vacuum deposition, the electrode 2 was subjected to patterning 
by. for example, usual photolithographic process along the patterns of the electrode 1. insulating layer 5a, elec- 
tron-emitting layer 3a and insulating layer 5b as illustrated in Fig. 32 (b). 

A Pd organic metal solution (Catapaste. available from Okuno Seiyaku Kogyo Co.) was spin coaled as an 
electron-emitting layer, followed by baking for 1 0 minutes at 250X to provide electron- emitting bodies on the 
surface of a side wall of the insulating layers. A voltage of 14 V was applied between the electrodes 2a and 
2b using a lead-out electrode (not shown) provkJed above the device substrate, and a lead-out voltage of 500 
V was applied to obtain emission of electron beams 7 of 1.7 ^A. 

Example 21 

Fig. 33 (d) illustrate a cross section of a electron-emitting devfce obtained in the present Example [See 
Fig. 33 (a) to (d) as to the preparation steps]. 

On a dean, quartz glass substrate 4 of about 1 mm thick, a solution prepared by mixing an organic palla- 
dium compound solution (Catapaste CCP (TM). available from Okuno Seiyaku Kogyo) with a SiOj liquid coating 
preparation (OCD, available from Tokyo Ohka Kogyo) to have a molar ratio of Si02 : Pd of about 10:1 was 
spin coated with a spinner. Thereafter the resulting coating was baked for 1 hour at about 400*'C to obtain a 
Si02 insulating layer 5 having a film thickness of about 350 nm (3.500 angstroms) and containing electron- 
emitting materials 9 (Pd fine particles) [see Rg. 33 (a)]. 

Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid sol- 
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ution to form a stepped portion 18 of about 350 nm (3.500 angstroms) high at the middle of the substrate 4 
Isee Fig. 33 (b)). 

Thereafter, Ni electrodes 1 and 2 of about 50 nm (500 angstroms) in film thickness was formed by depos- 
ition utilizing EB vacuum deposition to have the shape illustrated in Fig. 33 (c) in the manner that the stepped 
portion may not be completely covered. 

Electron emitting bodies 3b were further provided on the surface of a side wall of the insulating layer in 
the same manner as in Example 19 [see Fig. 33 (d)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of, approximately, emitted electric 
current U = 4 ^A and emission efficiency a = 2 x 10-3, under applied device voltage Vf = 14 V and lead-out 
voltage Va = 1 kV. 

Example 22 

Example 21 was repeated except that the organic metal compound solutton that formed the electron-emit- 
ting bodies 3b in Example 21 was replaced by a SiOj liquid coating preparation in which SiOj fine particles of 
about 10 nm (100 angstroms) in partide diameter were dispersed, to form a similar electron-emitting device. 
There were obtained substantially the same results as in Example 21. 

Example 23 

Similar results were obtained also when the organic metal compound solution employed to form the elec- 
tron-emitting bodies 3b in Example 20 was replaced by a coating preparation in which SnOj fine particles of 
about 1 0 nm (1 00 angstroms) in particle diameter were dissolved by dispersion together with an organic binder. 

Example 24 

On a substrate a SiOx film is vacuum deposited to form an insulating layer 5a, on which Pd is vacuum 
deposited in a thickness of 50 nm (500 angstroms)(electron-emitting layer 3a) and further an insulating layer 
5b is formed by vacuum deposition of a Si02 film [see Fig. 34 (a)]. 

Next, the insulating layers 5a. 5b and electron-emitting layer 3a are etched to form a stepped portion 18 
[see Fig. 34 (b)]. 

Thereafter. Ni is applied by masking vacuum deposition in a thickness of 50 nm (500 angstroms) to form 
electrodes 1 and 2 [see Fig. 34 (c)]. 

An organic palladium solution is further coated on the surface of the device substrate, followed by baking 
to provide electron-emitting bodies 3b on the sidewall of the stepped portion [see Fig. 34 (d)]. 

The resulting electron-emitting device has the structure that electron-emitting materials are present only 
in the vicinity of the stepped portion in contrast with Example 20. 

Good results were obtained as in Example 20. 

Example 25 

Example 24 was repeated to obtain an electron-emitting device, except that the Pd f ine particles film of 
the electron-emitting layer 3a in Example 24 was replaced by a layer obtained by coating a Pd fine partides 
dispersed solution as shown in Fig. 35. 

There was obtained the same electron emission. 

Example 26 

The same electron emission as in Example 20 was obtained also in a device in which as illustrated in Fig. 
36 a Pd vapor-deposited film serving as an electron-emitting layer 3a was disposed in an insulating layer 5 
containing electron^emitting materials 9 as Pd fine partides. a stepped portfon was formed, and electron-emit- 
ting bodies 3b were further provided on the sidewall of the stepped portion by coating an organic palladium 
solution followed by baking. 

Example 27 



In the constitution illustrated in Fig. 37. on a glass substrate 4. titanium electrodes 1 and 2 were formed 
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with a thickness of 1 00 nm (1 ,000 angstroms). L = 0.8 ^im and W = 300 ^m. and thereafter SnOj and Pd were 
anranged as fine particles in a dispersed state between the electrodes. 

As a method therefor, a SnOz dispersion (SnOzi 1g; soh^ent MEK (methyl ethyl ketone)/cyciohexanone = 
3/1 , 1 .000 cc; butyral: 1 g) having a primary particle diameter of 8 to 20 nm (80 to 200 angstroms) was spin- 
coated, followed by heating. APd dispersion having a primary particle diameter of about 1 0 nm (100 angstroms) 
was further spin coated, followed by heating to obtain an electron-emitting device. 

A voltage was applied between the electrodes of the device thus formed. As a result, there was obtained 
an electron emission current of 1.1 \iA under an applied voltage of 15 V. 

Thus, substantially the same electron emission is obtained even under the applied voltage of lower by ap- 
proximatly 5 V (volts) than that of the device containing no Pd fine partides and solely comprised of SnOj. In 
this manner, the drive voltage was able to be lowered by the device containing different kind of fine particles. 

Example 28 



In regard to the SnO dispersion of Example 27. a dispersion of SnOj of 8 to 20 nm (80 to 200 angstroms) 
in particle diameter and a dispersion of SnOj of about 300 nm (3.000 angstroms) in partide diameter were 
prepared, and two kinds of the SnOj dispersions were coated in the same nwnner as in Example 27 but in 
one step for each dispersion, thus arranging fine partides in a dispersed state to obtain a electron-emitting 
device. 

As electron emission characteristics of the device thus formed, there was obtained an electron emission 
current of about 1.1 jiA under an applied voltage of 17 V. 

Thus, substantially the same electron emission is obtained even under the applied voltage of as about 3 
V lower than that of the device obtained by coating in two steps the dispersions of SnOz of 8 to 20 nm (80 to 
200 angstroms) in particle diameter. In this manner, the drive voltage was able to be lowered by adding the 
partides having a larger partide diameter. 



[Effect of the invention] 



As described above, according to the electron-emitting device of the present invention and the method 
for preparing the same, electron-emitting devices that can have stable structure even if the electrode spacing 
having the electron-emitting materials is made very narrow can be formed without applying the forming re- 
quired in the prior art. 

Accordingly, the electron-emitting devices prepared by the present invention are quite free from the dif- 
ficulties conventronally accompanying the forming treatment, so that it becomes possible to manufacture the 
devices having less irregularities in characteristics, in a large number and with ease, bringing about great in- 
dustrial utility. 

The eledron-emitting device obtained by the present invention can also be utilized in planar display de- 
vices in which the electron-emitting devices are mounted in a single plane and eledrons emitted by applying 
a voltage are accelerated to stimulate phosphors to effed light-emission. 

An electron-emitting device that is stabler and of longer life and also has a good eff idency can also be 
obtained by bringing the electrode constitution into a multi-layer constitutfon. 

Also, the eledron-emitting device in which the fine partides are f bced in the insulating layer is free of any 
movement of the fine particles during drive, and thus can be an electron-emitting device that is stable and of 
elongated life. 

The eledron emission eff idency can be improved by suitably adjusting the density of the fine partides. 

The eledron-emitting device having the semiconductor layer as illustrated in Fig. 17 makes it possible to 
lower the drive voltage by controlling the electrical resistance of the semiconductor, and also can be effedive 
in improvement of emitted currents. 



Claims 

1. An eledron-emitting device comprising 

- an insulating layer between a pair of eledrodes. 

- an electron-emitting region insulated from said electrodes at a surface of the insulating layer formed 
at a part thereof at which the eledrodes oppose each other, and 

- means for applying a voltage between said eledrodes to cause eledron emission, 
charaderized in that 
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the electron-emitting region comprises particles of electron-emitting material 

I) in the surface of the insulating layer between the electrodes (9 in Figures 10. 14. 18. 19, 25. 26, 27), 
or 

II) in form of a separate layer within the insulating layer, said separate layer emerging at the surface 
5 of the insulating layer between the electrodes (9 in Figure 30; 3a In Figures 3 and 4). 

2. The device of daim 1, 

with the electron-emitting region being in fonm of alternative II. wherein 

additional particles of electron-emitting material are provided on the surface of the insulating layer be- 
10 tween the electrodes (Figures 6b, 31. 32. 34. 35). 

3. The device of claim 2. 

wherein the electron-emitting region additbnally comprises particles of electron-emitting materials dis- 
persed in the insulating layer (Figure 36). 

4. The device of daim anyone of daims 1 to 3. 
wherein the electron-emitting material comprises at least two kinds of different materials. 

5. The device of anyone of the preceding dainr^s, 
wherein said electron-emitting material is selected from the group consisting of borides. cart>ides. nitrides, 
metal oxides, semiconductors, and cartx}n. 

6. The device of anyone of the preceding daims. 
wherein the electron-emitting material is selected from Nb. Mo. Rh. Hf, Ta, W, Re. Ir, Pt. Ti. Au. Ag Cu 
Cr, Al, Co. Ni. Fe, Pb. Pd, Cs and Ba. 

7. The device of anyone of daims 1 to 5. 

wherein the electron-emitting material comprises a metal oxide selected from InzOj, SnOj, BaO. MgO 
and Sb203. 

30 8. The device of anyone of daims 1 to 5. 

wherein the electron-emitting material comprises fine partides of Pd or Sn02. 

9. The device of anyone of daims 1 to 8, 

wherein the one or both of the electrodes are in form of a multiple layer. 

35 

10. The device of daim 9, 

wherein at least one layer of the multiple layer is made of a material not readily damaged by ion sputtering. 

11. The device of daim 10. 
wherein said material comprises a high-melting material selected from the group consisting of W. LaB^ 
carbon, TiC and TaC. 

12. The device of anyone of daims 9 to 1 1 , 

wherein at least one layer of the multiple layer comprises a material exhibiting a low work function. 

45 13. The device of daim 12. 

wherein said material is selected from the group consisting of Sn02. InaOa, BaO. LaBg, Cs, and CsO. 

14. The device of anyone of daims 9 to 13, 
wherein at least one layer of the multiple layer comprises a material having a high electrical conductivity. 

15. The device of daim 14, 
wherein said material is selected from the group consisting of Ag, Al. Cu. Cr, Ni, Mo, Ta. W and an alloy' 
of any of these. 
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16. The device of anyone of daims 1 to 15, 
wherein said insulating layer comprises a glass. 

17. The electron-emitting device of anyone of dainrts 1 to 16. 
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wherein the insulating layer is several nanometers to several ten micronieters thick. 

1 8. The device of anyone of clainrts 1 to 17, 

comprising a substrate comprising a porous glass in which a metal oxide is deposited. 

19. The device of anyone of clainns 1 to 18. 

in which the insulating layer is a colored glass containing nr>etal colloid particles. 

20. The device of anyone of dainr^ 1 to 19, 

wherein the insulating layer is replaced with a semiconductor layer. 

21. The device of daim 20, 

wherein the semiconductor layer comprises amorphous silicon, crystalline silicon or a compound semi- 
conductor. 

22. Thedeviceofdaim20or21. 

wherein the semiconductor layer is 5 nm to 10 ^im thick. 

23. The device of anyone of dainns 1 to 20, 

wherein said insulating layer (11) functions as a planar substrate for supporting sakJ pair of electrodes 
and said electron-emitting region. 

24. The device of anyone of dainrs 1 to 20, 

wherein said device has a planar substrate for supporting both of said insulating layer and said pair of 
electrodes (Figures 8 to 26). 

25. The device of anyone of daims 1 to 20. 

wherein each ofsaidpartides buries itself partially In said insulating layer (Figures 10 11(5) 12 14(5) 
18, 19(3), 21, 25, 26(5). * 

26. A method of preparing an electron-emitting device as daimed in anyone of daims 1 to 25, 
comprising the steps 

- forming electrodes on a substrate, 

- dispersing particles of an electron-emitting material between the electrodes, and 

- forming an insulating layer on said parttdes. 

27. The method of claim 26, 

wherein said partides are dispersed between the electrodes by coating.by vacuum deposition or by ther- 
mal decomposition of an organic metal comr>ound. 

28. A method of preparing an electron-emitting device as daimed in anyone of daims 1 to 25, 
comprising the steps 

- bringing the electron-emitting partides in the insulating or semiconductor layer to be completely in- 
cluded therein, and 

- etching said layer to partly expose the partides. 

29. A method of preparing the electron-emitting device as daimed in anyone of daims 3 to 25, 
comprising the steps 

- forming electrodes on a substrate, and 

- coating between said electrodes a layer of a dispersion of electron-emitting partides in an organic 
binder, with a solvent t)eing optionally present 

30. The nrwthod of daim 29, 

wherein the organic binder is selected from butyral resins, acryl resins, vinyl chloride, vinyl acetate co- 
polymers, phenol resins, nylons, polyesters and urethanes. 

31. Use of the electron-emitting device according to anyone of daims 1 to 25 for a display device. 

32. Use of the electron-emrtttng device of daim 31. wherein electrons emitted from said electron-emitting 
devices integrated on a substrate excite phosphors said phosphors emit light so that a dfeplay is made. 
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Patentanspruche 

1. Elektronen emittierende Vorrichtung mit 

- einer Isolierschicht zwischen einem Paar von Beklroden, 

- einer von den Elektroden isolierten Sektronen emittierenden Zone auf einer Oberf lache der Isolier- 
schicht, die in einem Teil von dieser gebildet ist, in dem die Bektroden einander gegenuberliegen» 
und 

- Mittein zum Aniegen einer Spannung rwischen den Elektroden zum Bewirken einer Elektronenemis- 
sion 

dadurch gekennzeichnet, da& 

die Elektronen emittierende Zone Teilchen aus Elektronen emitlierendem Material aufweist 

I) in der Oberf l§che der Isolierschicht zwischen den Elektroden (9 in den Figuren 19, 14. 18 19 25 
26, 27). Oder ' ' * 

II) in Form einer separaten Schicht innerhalb der Isolierschicht, wobei die separate Schicht an der Ober- 
f lache der Isolierschicht zwischen den Elektroden (9 in Figur 30. 3a in den Figuren 3 und 4) zutage 
tritt 

2. Vorrichtung nach Anspruch 1, 

wobei die Elektronen emittierende Zone in Form der Alternative II vorliegt, wobei 
zusatzliche Teilchen aus Elektronen emittierendem Material auf der Oberflache der Isolierschrcht zwi- 
schen den Elektroden vorgesehen sind (Figuren 6b. 31. 32, 34, 35). 

3. Vorrichtung nach Anspruch 2, 

wobei die Elektronen emittierende Zone zusStzlich Teilchen aus Elektronen emittierenden Materialien 
aufweist, die in der Isolierschicht dispergiert sind (Figur 36). 

4. Vorrichtung nach einem der Anspruche 1 bis 3. 

wobei das Elektronen emittierende Material mindestens zwei unterschiedliche Materialarten aufweist 

5. Vorrichtung nach einem der vorangehenden Anspruche. 

wobei das Elektronen emittierende Material aus der aus Boriden, Karbiden. Nitriden. Metalloxiden. Halb- 
leitern und Kohlenstoff bestehenden Gruppe ausgewahit ist. 

6. Vorrichtung nach einem der vorangehenden Anspruche, 

wobei das Elektronen emittierende Material aus Nb. Mo, Rh. Hf, Ta, W. Re. Ir, Pt, Ti. Au, Ag, Cu. Cr. Al. 
Co, Ni. Fe, Pb. Pd, Cs und Ba ausgewahit isL 

7. Vorrichtung nach einem der Anspruche 1 bis 5, 

wobei das Elektronen emittierende Material ein aus InjOj. SnOj. BaO, MgO Oder SbjOj ausgewahltes 
Metalloxid aufweist. 

8. Vorrichtung nach einem der Anspruche 1 bis 5, 

wobei das Elektronen emittierende Material feine Teilchen aus Pd Oder SnOj aufweist 

9. Vorrichtung nach einem der Anspruche 1 bis 8. 

wobei eine oder beide der Elektroden in Fonm einer Mehrfachschicht vorliegen. 

1 0. Vorrichtung nach Anspruch 9. 

wobei mindestens eine Schicht der Mehrfachschicht aus einem Material hergestellt ist. das durch lonen- 
sputtern nicht leicht geschadigt wind. 

11 Vorrichtung nach Anspruch 10, 

wobei das Material ein hochschmelzendes aus der aus W. LaBe. Kohlenstoff. TrC und TaC bestehenden 
Gruppe ausgewahltes Material ist 

12. Vorrichtung nach einem der Anspruche 9 bis 11. 

wobei mindestens eine Schicht der Mehrfachschicht ein eine niedrige Austrittsarbeit zeigendes Material 
aufweist 

13. Vorrichtung nach Anspruch 12. 
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wobei das Material aus der aus SnOj. InjOa. BaO, LaBe Cs und CsO bestehenden Gruppe ausgewahit 

ist. 

14. Vonichtung nach einem der AnsprOche 9 bis 13, 

wobei mindestens eine Schicht der Mehrfachschicht ein Material mit einer hohen eleklrischen LeitfShig- 
keil aufweist 

15. Vonichtung nach Anspruch 14. 

wobei das Material aus der aus Ag. Al. Cu, Cr. Nl, Mo, Ta. W oder einer Legierung hieraus bestehenden 
Gruppe ausgewahit ist 

16. Vonrichtung nach einem der Anspruche 1 bis 15, 
wobei die Isolierschicht ein Glas aufweist 

1 7. Elektronen emittierende Vonrichtung nach einem der AnsprOche 1 bis 1 6. 
wobei die Isolierschicht einige Nanometer bis zu einige 10 ^im dick ist 

18. Vonichtung nach einem der Anspruche 1 bis 17. 

die ein Substrat umfaBt, welches ein poroses Glas aufweist in dem ein Metalloxid abgeschieden ist 

19. Vonichtung nach einem der Anspruche 1 bis 18, 

bei der die Isolierschicht ein Metallkolloldteilchen enthaltendes farbiges Glas ist 

20. Vonichtung nach einem der Anspruche 1 bis 19, 

wobei die Isolierschicht durch eine Halbleiterschicht ersetzt ist 

21. Vorrichtung nach Anspruch 20, 

wobei die Halbleiterschicht amorphes Silicium, kristallines Silicium Oder einen Verbindungshalbleiter auf- 
weist 

22- Vorrichtung nach Anspruch 20 oder 21, 

wobei die Halbleiterschicht 5 nm bis zu 10 ^lm dick ist 

23. Vorrichtung nach einem der Anspruche 1 bis 20, 

wobei die Isolierschicht (1 1 ) als ein ebenes Substrat zum Tragen des Paares von Elektroden und der Elek- 
tronen emittierenden Zone fungiert 

24. Vorrichtung nach einem der Anspruche 1 bis 20, 

wobei die Vomchtung ein ebenes Substrat zum Tragen sowohl der Isolierschicht als auch des Paares von 
Elektroden hat (Figuren 8 bis 26). 

25. Vonichtung nach einem der Anspruche 1 bis 20, wobei jedes der Teilchen selbst teilweise in der Isolier- 
schicht vergraben ist (Figuren 10, 11(5), 12, 14(5), 18, 19(3). 21, 25, 26(5)). 

26. Verfahren zum Herstellen einer Elektronen emittierenden Vorrichtung nach einem der Anspruche 1 bis 
25, mit den Schritten 

- Bilden von Bektroden auf einem Substrat 

- Verteilen von Teilchen aus einem Bektronen emittierenden Material zwischen den Elektroden, und 

- Bilden einer Isolierschicht auf den Teilchen. 

27. Verfahren nach Anspruch 26. 

wobei die Teilchen zwischen den Elektroden durch Beschichten, durch Vakuumabscheidung oder durch 
thermischer Zersetzung einer metallorganfechen Verbindung dispergiert werden. 

28. Verfahren zur Herstellung einer Elektronen emittierenden Vonichtung nach einem der Anspruche 1 bis 
25, mit den Schritten 

- Verbringen der Elektronen emittierenden Teilchen in die Isolierschicht oder die Halbleiterschicht der- 
art daa sie vollstandig darin eingeschlossen sind, und 

- Atzen der Schicht um die Teilchen teilweise freizulegen. 
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29. Verfahren zur Herstellung der Elektronen emittierenden Vonichtung nach einem der AnsprOche 9 bis 25, 
mit den Schritten 

- Bilden von Elektroden auf einem Substrat und 

- Aufbringen einer Schicht einer Dispersion aus Elektronen emittierenden Teilchen in einem organi- 
schen Bindemittel mit einem wahlweise vorliegenden Losungsmittel zwischen die Elektroden. 

30. Verfahren nach Anspruch 29. 

wobei das organische Bindemittel aus Butyralharzen, Acrylharzen. Vinytchlorid, Vinylacetat-Copolyme- 
ren, Phenolharzen, Polyamiden, Polyestern und Urethanen ausgewahit ist. 

31. Verwendung der Elektronen emittierenden Vorrichtung nach einem der AnsprOche 1 bis 25 fOr eine An- 
zeigevorrichtung. 

32. Verwendung der Elektronen emittierenden Vonrichtung nach Anspruch 31 . 

wobei die von den Elektronen emittierenden Vorrichtungen, die auf einem Substrat integriert sind, emit- 
tierten Elektronen Leuchtstoffe anregen. wobei die Leuchtstoffe Licht anregen, so daS eine Anzeige be- 
wirkt wird. 



Revendications 

1 . Dispositif d'6mission d'6lectrons. comportant 

- une couche isolante entre deux Electrodes, 

- une zone d'6mission d'6lectrons isolEe desdites Electrodes E une surface de la couche isolante. for- 
m6e dans une partie de ceile-ci ou les Electrodes sont oppos6es Tune d rautre, et 

- des moyens destinEs E appliquer une tension entre lesdites Electrodes pouvant provoquer une Emis- 
sion d'Electrons. 

caractErisE en ce que 

la zone d'Emissran d'Electrons comprend des particules de matifere Emettant des Electrons 

I) dans la surface de la couche isolante entre les Electrodes (9 sur les figures 10. 14. 18. 19. 25. 26 
27). ou 

II) sous la forme d'une couche sEparEe dans la couche isolante, 

ladite couche sEparEe Emergeant E la surface de la couche isolante entre les Electrodes (9 sur la figure 
30 ; 3a sur les figures 3 et 4). 

2. Dispositif selon la revendication 1. 

la zone d'Emission d'Electrons se prEsentant sous la forme de Kalternath^e II. dans lequel 
des particules additionnelles de matiEre Emettant des Electrons sont prEvues sur la surface de la 
couche isolante entre les Electrodes (figures 6b. 31. 32. 34, 35). 

3. Dispositif selon la revendicatton 2. 

dans lequel la zone d'Emissiond 'Electrons comporte additionnellement des particules de matiEres 
Emettant des Electrons disposEes dans la couche isolante (figure 36). 

4. Dispositif selon Tune quelconque des revendications 1 E 3. 

dans lequel la matiEre Emettant des Electrons comprend au moins deux types de matiEres diffE- 
rentes. 

5. Dispositif selon Tune quelconque des revendications prEcEdentes. 

dans lequel ladite matiEre Emettant des Electrons est choisie dans le groupe constituE de borures. 
de carbures. de nitrures. d'oxydes mEtalliques. de semiconducteurs et de cart>one. 

6. Dispositif selon Tune quelconque des revendications prEcEdentes, 

dans lequel la nnatiEre Emettant des Electrons est choisie parmi Nb. Mo. Rh, Hf. Ta, W. Re, Ir Pt 
Ti. Au, Ag. Cu, Cr, Al. Co. Ni, Fe, Pb. Pd, Cs et Ba. 

7. Dispositif selon Tune quelconque des revendications 1 E 5, 

dans lequel la matiEre Emettant des Electrons comprend un oxyde mEtallique choisi parmi InjOg. 
Sn02. BaO, MgO et Sb203. 
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8. Dispositif selon Tune quelconque des revendications 1^5, 

dans lequel la malifere 6mettant des Electrons comprend de fines particules de Pd ou de Sn02. 

9. Dispositif selon I'une quelconque des revendications 1^8, 

dans lequel I'une des Electrodes ou les deux Electrodes se prEsentent sous la forme d'une couche 
nnultiple. 

1 0. Dispositif selon la revendication 9, 

dans lequel au nnoins une couche de la couche multiple est form§e d'une mati6re qui n'est pas ai- 
s6ment endommag6e par une pulverisation ionique. 

11. Dispositif selon la revendication 10, 

dans lequel ladite matidre comprend une matlEre § haut point de fusion choisie dans le groupe 
constitu6 de W. LaBe. carbone, TiC et TaC. 

1 2. Dispositif selon I'une quelconque des revendications 9^11, 

dans lequel au moins une couche de la couche multiple comprend une matiEre pr6sentant un faible 
travail d'extraction. 

13. Dispositif selon la revendication 12, 

dans lequel ladite matiEre est choisie dans le groupe constitu6 SnOj. InjOa. BaO, LaBe, Cs et CsO. 

14. Dispositif selon Tune quelconque des revendications 9 6 13, 

dans lequel au moins une couche de la couche multiple comprend une matidre ayant une conduc- 
tivity Electrique EtevEe. 

15. Dispositif selon la revendication 14. 

dans lequel ladite mati§re est choisie dans le groupe constituE des Ag, Al. Cu, Cr, Ni, Mo, Ta, W 
et d'un alliage de Tun quelconque de ces Elements. 

16. Dispositif selon I'une quelconque des revendications 16 15, 

dans lequel ladite couche isolante comprend du verre. 

17. Dispositif d'Emission d'Electrons selon Tune quelconque des revendications 1616, 

dans lequel la couche isolante a une 6paisseur de plusieurs nanometres 6 plusieurs dizaines de 
micrometres. 

18. Dispositif selon I'une quelconque des revendications 16 17, 

comportant un substrat comprenant un verre poreux dans lequel un oxyde m6tallique est d6pos6. 

19. Dispositif selon I'une quelconque des revendications 16 18, 

dans lequel la couche isolante est un verre color6 contenant des particules d'un colloTde m6tallique. 

20. Dispositif selon I'une quelconque des revendications 16 19, 

dans lequel la couche isolante est remplac6e par une couche semiconductrice. 

21. Dispositif selon la revendication 20, 

dans lequei la couche semiconductrice comprend du silidum amorphe, du silicium cristallin ou un 
semiconducteur compose. 

22. Dispositif selon la revendication 20 ou 21 , 

dans lequel la couche semiconductrice a une 6paisseur de 5 nm 6 10 jim. 

23. Dispositif selon I'une quelconque des revendications 1 6 20, 

dans lequel ladite couche isolante (11) fonctionne 6 la maniEre d'un substrat plan pour supporter 
lesdites deux Electrodes et ladite zone d'Emisslon d'Electrons. 

24. Dfepositif selon I'une quelconque des revendications 1 6 20, 

dans lequel ledit dispositif comporte un substrat plan destinE 6 supporter 6 la fois ladite couche 
isolante et lesdites deux Electrodes (figures 8 6 26). 
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25. Dispositif selon I'une quelcx)nque des revendications 1 d 20. 

dans lequel chacune desdites particules s'enfouit elle-mfime partiellement dans ladite couche iso- 
lante {figures 10, 11(5). 12. 14(5), 18. 19(3). 21, 25. 26(5). 

26. Proc6d6 de preparation d'un dispositif d*6mission d'6Iectrons selon Tune quelonque des revendications 
1 A 25. 

comprenant les 6tapes qui consistent 

- ^ former des electrodes sur un substrat, 

- d disperser les particules d'une matifere 6mettant des electrons entre les electrodes, et 

- d former une couche isolante sur lesdites particules. 

27. Precede selon la revendication 26, 

dans lequel lesdites particules sont dispersees entre les electrodes par revfitement. par d6p6t sous 
vide ou par decomposition thermique. d'un compose organom6tallique. 

28. Precede de preparation d'un dispositif d'emission d'eiectrons selon Tune quelconque des revendications 
1 e 25. 

comprenant les etapes qui consistent 

- ^ amener les particules d'emission d'eiectrons dans la couche isolante ou semiconductrice e etre 
totalement incorporees dans cette couche, et 

- d soumettre d une attaque chimique ladite couche pour mettre partiellement d d6couvert les parti- 
cules. 

29. Procede de preparation du dispositif d'emission d'eiectrons selon I'une quelconque des revendications 
3 6 25. 

comprenant les etapes qui consistent 

- d former des electrodes sur un substrat. et 

- d appliquer entre lesdites electrodes une couche d'une dispersion de particules d'emission d'eiec- 
trons dans un liant organique, un solvant 6tant present optionnellement 

30. Precede selon la revendication 29, 

dans lequel ledit liant organique est choisi parmi les resines butyral, des resines acryliques, des 
copolymeres de chlorure de vinyle et d'ac6tate de vinyle, des resines ph6noliques, des Nylons, des po- 
lyesters et des urethannes. 

31. Utilisation du dispositif d'emission d'eiectrons selon I'une quelconque des revendications 1 d 25 pour un 
dispositif d'aff ichage. 

32. Utilisation du dispositif d'6mission d'eiectrons selon la revendication 31, 

dans laquelle des electrons emis par lesdits dispositifs d'emission d'eiectrons integr6s sur un subs- 
trat excitent des luminophores et lesdits luminophores emettent de la lumiere af in de r6aliser un aff ichage. 
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FIG. 3 
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FIG. 4 
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FIG. 8 
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FIG. 12 
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FIG. 14 
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FIG. 17 
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FIG. 23 
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FIG. 25 
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FIG. 28 
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FIG. 30 
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FIG. 32 
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FIG. 34 
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